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A B  TRACT 
n i ted Arab m i rates (U E) as we l l  as most Gu l f  Countrie depend 
mo tly on de a l i nated ea water as the main ource of dr ink ing water. The 
dr ink ing \\ ater d is i nfect ion process has been rout ine ly carried out since the turn 
of the century to de t ro pathogen ic organ isms and prevent V\ aterborne di ease . 
When chemica l  d i  i n fection i app l ied before or after desa l i nation, a number of 
harm fu l  compounds are formed posing potent ia l  r i sks to the health of human or 
ae thetic qua l i ty of dr ink ing water .  As such, a t remendous number of studie 
ha\e been conducted to ident i fy new alternative methods of d i s i nfect ing water 
without format ion of harm fu l  D i s infection by-products (DBPs) .  everal metal 
and metal oxide nanopart i c l e  (NPs) ha e shm n s ign ificant advantages as potent 
bacteric ida l  agents. In th i s  study, seven nanopart ic les ( S i l ver, S i lver-Cupper, 
Cupper, Carbon Nanotubes, i l icon Dioxide, Magnes ium Oxide. and Z inc 
Oxide) \\ ere evaluated in d i s i nfect ing dr ink ing water produced from two 
desa l i nat ion technologies; namely Mul t i - tage F lash (MSF) and Reverse 
o mo is ( RO) .  A l l  part ic les were appl ied to the water samp les in  suspension 
mode and the d i s i nfection strength was eval uated by inspect ing the degradat ion 
percentages of  four  types of bacteria; E.coli, Enlerobacter, Salmonella, and 
Enterococci. The levels of  four inorganic byproducts; ch lorite, ch lorate, bromate, 
and iodate, were ident i fied in a l l  tested samp les .  A major resu lt found from th is  
stud) ind icated that  Ag and Ag-Cu N Ps had the h ighest d i s i nfect ion effic iency 
among the tested nanopart ic les and ch lorate was the most i norgan ic byproduct 
formed in desa l i nated samples but with lower levels than the regulated l im i t .  
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One of the mo t pervas i e problems affecting people throughout the world is 
i nadequate access to c lean water and san i tat ion, Problems with water are 
expected to grO\'v \ orse in the com ing decades, wi th water scarc ity occurring 
globa l ly, even in  region current l y  considered water-r ich, The many problems 
\\ orld\\ ide assoc iated \v i th the lack of c lean. fresh \ ater are wel l  known as 1.2 
b i l l ion people lack access to safe dr ink ing water, 2 .6 b i l l ion have l i tt le or no 
anitat ion. m i l l ions of people die annual ly, 3 .900 ch i ldren die every day from 
d i  eases transmi tted through unsafe water or human excreta. Count less more are 
ickened from d i sease and contaminat ion [ 1 ] . 
Water borne d i seases are among one of the major publ ic  health problems in 
deve loping countries, According to World Health Organ izat ion, 3 m i l l ion deaths 
occu r  every year from diarrheal d i seases worldw ide. The problem of water borne 
d isease is espec ia l ly  prevalent \ here genera l hygiene and env i ronmental 
san itat ion are poor and where there i s  a shortage of protected water supply, I t  is 
belie ed that 80% of al l d i seases in the world are caused by i nadequate san itation, 
pol luted water or  unava i labi l ity of water [ 2 ] .  
1 
I n  both de e lop ing and indu tr ial ized nat ion , a grO\ ing number  of contaminant 
are entering v" ater uppl ie from human act iv ity: industrial izat ion and 
urban izat ion .  Contaminants may pose health r i  k if they are present in large 
quant i t ie  . The e organ ic contam inants need to be remo ed from \ ater i f  the 
\\ ater is  to be u ed in homes for human con umpt ion . 
D is infect ion of  dr ink i ng water was i ntroduced a a treatment step at the beginn ing 
of  the 20 century in  deve loped countries. Th is led to a dramat ic decrease of water 
borne d iseases. Ch lorination is the most wide ly used techn ique for d i s infection of 
dr ink ing water. Ch lor ine i s  current ly the most common d is i nfectant because it i s  
the cheapest of  a l l  chem ical d i s infectant, it i s  relat ive ly easy to use,  and it i 
h igh ly effect ive for k i l l i ng most m icroorgan isms. However, water ch lori nation 
lead to the format ion of a wide range of halogenated compounds due to the 
react ion of halogen s  \! i th natura l l } occurring organics such as hum ic, fulvic acids 
and other components of natural organ ic matter. The e chem ical products referred 
to as d i s i nfection by-products (DBPs) .Approx imate ly 600-700 DBPs have been 
reported in the l iterature for the major d i s infectants used (ch lor ine, ozone, 
ch lor ine d ioxide ch loram ines), as we l l  as the ir  combinat ions [ 3]. 
2 
Drink ing' ater prod uct ion from de a l i na tion 
De a l i nat ion i increa ing ly being u ed to provide dr inking water under 
c ndi t ion of fre h \\ ater carc ity. Water scarc ity i est imated to affect one in 
three people on e er) cont inent of the globe, and almost one fifth of the world's 
popu lat ion Ii i ng  in areas \\ here water is phys ica l ly scarce .  Th is s ituation is  
expected to worsen as compet ing needs for water i ntensify along w ith popu lat ion 
gro\ th, urbanizat ion, c l imate change impact and increases in household and 
indu tr ia l  u e . M any countries in the arid regions l i ke most of the countries i n  
t he  Arabian pen insu la are no\\ increas ing dependence on sea v ater desa l i nat ion 
as the major source of  dr ink ing water. Two desa l inat ion techn iques are most 
\\ idely employed : thermal desal ination and membrane desa l i nat ion. Thermal 
de a J i nat ion i nc l udes Mu lt i  tage F lash Method ( M S F) and M u lt i  effect 
desa l inat ion method ( M E D) wh i l e  membrane desa l i nat ion i s  most ly  adapted via 
re erse osmosis ( RO) technology. In these p lants. source sea water and the 
product water; d i s t i l lates i n  therma l  desal i nat ion and permeates i n  membrane 
desal i nat ion. are d i s i nfected to control pathogenic bacteria. GaseoLls ch lor ine and 
sod ium hypoch lor i te are considered as the most wide ly used d i si n fectants in the 
desa l ination indust ry [4 ) . 
3 
The main goal for the future of de a l i nat ion i to increase the fre h w ater supply 
\ ia de a l i nat ion of  ea\\ ater and a l i ne aqu i fer 'v\ i th a much reduced cost as 
po s ib le .  The e source  account for 97.5% of all water on the earth,  so captur ing 
even a t iny fraction could pos i t ively have a major impact on water scarc ity. 
Through cont i nua l  impro ements, part icu larl i n  the last decade, desa l ination 
technologies can be rel iably used to desal i nate sea water as we l l  as brack i  h water 
from sal i ne aqu i fers. Desal i nat ion of al l types though is often considered a capital 
and energy intensive process and typ ica l ly requ i res the conveyance of the water 
to the desa l i nat ion p lant, pretreatment of the intake water, d i sposa l/treatment of 
the concentrate ( br ine) and process maintenance. 
Desa l i nat ion may be appl ied to waters of vary i ng level of sa l i n i ty, such as 
brack ish groundwater, estuarine v ater, or seawater .  At i ts or ig ins, desal i nation 
technological advanced membrane has become a more cost-effect ive alternat ive 
that is  increasing ly being selected for new systems. Yet many thermal p lants sti l l  
remain in  use and undergo expansion, rehab i l i tat ion, and upgrade .  
There are notable d i fferences between fresh water sources and brackish or sa l i ne 
sources. I n  part i cu lar, the surv ival of many m icrobia l  pathogens i s  s ign ificant ly 
reduced i n  sa l ine  \ aters, espec ia l ly  in  combinat ion w ith a h igh level  of solar 
radiat ion .  Wh i l e  the desa l i nation process usual ly prov ides a s ign ificant barrier to 
both pathogens and chem ical contam inants conveyed with the source water, th is 
barrier i s  not necessari ly absolu te, and a number of  i ssues could potent ia l l  have 
4 
an impact on pub l ic hea l th .  orne of the e are s im i lar to the chal lenges 
encountered in mo t p iped water sy terns, but others such as those related to 
stab i l iz ing and rem inera l iz ing the -.: ater to prevent it from be ing excess ivel 
aggre i ve. are d i fferent and therefore must be addressed wi th in  the conte, t of a 
ite pec ific health ri k management plan [4] . 
The effic iency of  desa l ination plants i n  removll1g or i nact ivat ing m icrobial 
contam i nants can be assessed by exam in ing the expected performance and factors 
affect ing the qual ity of each stream or combined final t reated water. The potent ia l 
for surv i  a l  of  m icroorgan isms depends upon the capabi l i ty and operat ing 
cond it ions of  each process un i t  for the ir  removal or i nact ivat ion . Evaluation 
shou ld  i nc l ude any pretreatment processes, the water produced by membrane 
processes or by therma l  t reatment processes. 
Chem ica l  d i s i nfectants are used in desa l i nat ion p lants for pre-treatment and for 
d i s i nfect ion of  water after desa l i nat ion .  Chem ical d is i nfectants are app l i ed during 
pre-treatment to control b io-fou l ing on i ntake structures, to im prove the 
performance of fi l ters and to control b iofou l i ng  on membranes. In plants 
equ ipped with reverse osmosis, many of the DBPs formed dur ing pre-treatment. 
I n  some cases, DBPs may be formed when desa l i nated water i s  blended with 
water from other sources prior to d is infection or when desal i nated water and 
\."ater from other sources m ix  in the presence of a res idual d i s i nfectant in  the 
d istr ibut ion system [ 3 ] .  
5 
The k inet ic of  DBP formation and the nature of DB Ps formed are affected by the 
pre ence of brom ide and iodide. For e. ample, e levated concentrations of brom ide 
lead to enhanced production of brominated DBPs during ch lorination and 
enhanced bromate product ion during ozonat ion . Brom inated and iod inated DBPs 
are part icu lar ly problematic because they often are more carc inogenic or 
mutagen ic  than the i r  c h lor inated analogs [ 3 ] .  
Nan otec h nology i n  d ri n ki ng  water treatment :  
anotechno logy is  the man ipU lat ion of matter on an atom ic, molecular, and 
upramo lecular sca le ( 1 - 1 00 nm) .  Part i c le of uch sizes have some un ique 
ph; s icochem ical  and surface propert ies that lend themsel es to novel use . 
Indeed, advocate of nanotechnology suggest that th i s  area of  research cou ld 
contribute to solut ions  for one of the major problems we face on the global scale 
\\ h ich is  ensur ing a supply of safe dr ink ing " ater for a growing populat ion . The 
rapid growth in nanotechnolog has spurred s ign i ficant  interest in  the 
environmental appl ications of nanomater ia ls .  In part icu l ar, its potent ia l  to 
re o lut ion ize century-old conventional water treatment processes has been 
enunc iated recent ly .  
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anomaterial are excel lent adsorbents and catal. t due to the ir  large spec i fic 
urface area and h igh react i  i t) . More recent l) , severa l natural and engi neered 
nanomater ia ls  have al 0 been hown to have strong ant im icrobia l  propert ies. 
inc lud ing carbon nanotubes [ 5 ]  and meta l s  uch as i l ver [ 6] and cupper [ 7 ] ;  
metal o:\. ides such a s  MgO [ 8 ] ,  i02 [ 9 ]  and CaO [ 1 0) ,  and photocata lyt ic  sllch as 
ZnO [ 1 1 ]  and TiO::!. Un l ike conventional chem ical d i s infectants, these 
ant im icrobial nanomater ia ls are not strong oxidants and are re lat ive ly i nert tn 
water .  Therefore, they are not expected to produce harmfu l  DBPs [ 1 2 ] .  I f  
properly i ncorporated in to t reatment processes, they have the  potent ia l  to  replace 
or enhance convent ional d i s i nfect ion methods. 
1.2 Problem Statement 
Water treatment and prov Is ion of safe potab le  water are tasks that most 
deve loping countr ies struggle to undertake. Some of the methods for water 
treatment have some s ign ificant d i sadvantages. For instance, when ater I S  
treated vv ith ch lor ine or ch loram i nes, t he  c h lor ine may react with trace organ ic 
matter and produce several by-products; many of which are carc inogen ic .  
anotechnology has been found to p lay an important ro le in  so lv ing  many of the 
problems encountered in  water purification and d is i nfect ion . This study tests the 
effect iveness of a number of selected nanopart ic les in  d is i nfect ing desal i nated 
water v, hen appl ied i n  suspension mode. Th is inc l udes i I ver nanopart i c les [6 ] ,  
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i h er-Cupper nanopart ic le  [ 1 3 ] . Cupper nanopalt i c les [ 7 ] ,  Carbon nanotubes 
[ - ] .  i l icon d ioxide nanopart i c le  [ 8 ] ,  Magnesium Oxide nanopalt ic les [ 8 ]  and 
Zinc Oxide nanopart i c les [ 1 0 ] .  The desa l i nated water is tested 'V hen in fected with 
d i fferent m ic robe and in part icu lar E cherichia coli, Enterobacter aerogenes, 
"almonella t) ph imur ium and Enterococclis faecalis. The part ic les showing 
ac eptable d i  i n fect ion propert ies w i l l  be tested in  form ing a number of common 
regu lated inorgan ic byproduct compounds, part icu larl bromate, ch lorate, ch lorite 
and iodate. 
1.3 Aims and Objectives 
The overa l l  goal of th i s  study is to evaluate the usage of nanopartic les J/1 
d i  i nfection of desal inated \\ later in  UAE .  Spec ific  object i ves are :  
1 .  Eva luate seven meta l and metal oxide nanopart i c les in d i s infect ing 
dr ink ing water produced from two main desa l inat ion technologies; RO 
and M S F, and appl ied in suspension mode . The eval uat ion is made v ia 
e l im i nat ing four  major m icrobes usua l l y  tested i n  dr ink ing water: E. coli, 
Enlerobacter, Salmonella and Enterococci. 
2. Assess the impacts of nanopart ic les sizes, dosages, and res idence t ime 
upon the i r  effic iency of d is infect ing desa l inated water. 
3. Ident i fy the i norgan ic d is i nfect ion byproducts formed with the appl ied 
nanopart i c les .  
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1.4 Delineation and delimitation of the tudy 
[n th i  study, the d is i nfection abi l ity of  P app l ied in  suspension mode on  two 
t) pe of proce sed \\ ater� RO and M F is te ted . Other fixat ion methods used in 
appl) ing P in water di  i nfection are not con idered in  the study . Mu lti Effect 
De a l i nat ion. ( M E D),  i not considered here and a sumed to behave in s im i lar 
\\ a) to the other thermal de a l i nat ion technology� that i M F technology. 
Fu rthermore, detai led and exact mechan isms of interact ion bet\ een se lected NPs 
and m ic roorgan isms are not i nvest igated here .  I n  add i t ion, the study in estigate 
the formation of  inorganic DBP on ly upon the appl ication of N P  and doesn't 
ns ider other potent ia l  organic DBPs (ODBPs) that may deserve to be stud ied in 
further studies .  
I 0 photo-cata lytic NPs such as Ti02 were not considered i n  th i s  stud or were 
e\ a luated under dark cond i t ions on ly  (case of ZnO) . F inal ly. ana ly  is and 
management of wastes produced from the d i s i nfect ion process using the 
considered nanopart ic les is  not considered and needs fu rther analysis too. 
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1.5 The outline 
Th the i on i t of ix chapter . A genera l  i ntroduction is presented in Chapter 
I inc lud ing prob lem statement and objecti e . Chapter 2 present the l iterature 
re ie\\ of d i fferent rele ant topics: ma in ly di i nfection methods, d i s infect ion 
b) product . propert ies of the nanopart ic les cons idered in the study, the i r  
app l i  at ion i n  dr ink ing \ ater treatment, common fixat ion methods used in  
appl) ing nanopart i c l es i n  \ ater pur ificati n .  
Chapter 3 expla ins t he  methods used in  used in  d i fferent ana l ytical tasks .  This 
in  l udes chem ical analyses (test of  physical parameter , anions and cations tests 
and analysis of formed I DB Ps .  Th is  chapter a lso descri bes the morphology test 
u ed i n  characteriz i ng the seven cons idered nanopart ic le by (TEM)  and the 
methods used in synthes iz ing the seven nanopart ic les .  A lso, it describes the 
preparat ion methods of d i fferent cu l ture media used in  the exper iments and 
methods used in evaluat i ng the d i s i nfect ion effic iency of the seven nanopart ic les 
in d i fferent water samp les; tap, permeate and d i st i l late . 
Chapter 4 reports the resu lts  of physical , chem ical  and bacter io logical analys is .  I t  
a l so presents the character izat ion of the seven nanopart ic les used in  th is  study. 
Chapter 5, has a d i scuss ion of the resu lts obta i ned from the experimental work . 
F inal ly, chapter 6 presents a summary of conc l ud i ng remark along with 




Thi chapter re ie\\ the recent publ ication address ing d i fferent aspects of 
drinking v. ater i nfe t ion a long \v ith trad it ional and emerging d is infection 
technologies. A lso it rev iews the nanopart ic les con idered in  th i s  stud ; their 
tructures, appl ication methods and ant im icrobial mechan i sms against d ifferent 
bacteria .  I n  add it ion, DBPs formed b current d is i nfectants were a lso rev iewed . 
F inal ly. d i fferent fixation methods appl i ed in  previou stud ies were summarized . 
11.1 Water borne d i  eases and  m icroorgan isms i n  d ri n ki n g  water 
ater borne d isea es are caused by pathogen ic m icroorganisms that most 
commonl) are t ransm itted I n  contaminated fresh v ater. I n fect ion commonl 
resu lts dur ing bath ing, wash ing. dr inking; in  the preparation of food or the 
consumption of food thus i nfected. The pathogens involved inc lud ing  a \V ide 
verity of i ruses, bacteria and protozoan paras ites. Due to d i fferences in  s ize, 
structure ,  composit ion and excret ion by human and an imals, the ir  inc ident and 
behavior in water env i ronment are not a l i ke .  Th is  const i tutes d i fficu lt cha l lenge 
for test i ng safety of water and the effic iency of treatment processes .  
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The dete t ion of  many " ater born and \\ ater re lated pathogens requ i res expen ive 
and t ime con um ing techn ique , wh i le others are not detectable b) convent ional 
method at a l l .  I t " ou ld, therefore hard l be poss ib le to i nc lude tests for a l l  or even 
a mean i ngfu l  repre entat ion of these pathogens in rout ine qua l i ty u rve i l lance. 
Water qua l it) mon itor ing therefore usua l ly  based on te ts for ind icator organ isms.  
The pr imar, objecti e of the i nd icators is  common ly used to ind icate fecal 
pol l ut ion . Therefore, ind icators of fecal pol l ut ion were much needed . As early as 
191-+, the .S. Publ ic Health erv i ce (U . .  PH ) adopted the col i form group as an 
i nd icator of fecal contam inat ion of dr ink ing water [ 1 4 ] .  
The c riter ia for a n  ideal ind icator organism are the fol lowing [ 1 5 ] :  
• I t  should be a member of the intest ina l  m icroflora of warm -blooded 
an imals .  
• I t  shou ld be present when pathogens are present, and absent 111 
uncontam inated samp les .  
• I t  shou ld be present i n  greater numbers than the pathogen .  
• It should be at least equa l ly  res i stant as the pathogen to env ironmental 
factors and to d i s i nfection in water and wastewater treatment plants. 
• I t  shou ld not mu l t ip ly  i n  the en ironment. 
• It shou ld be detectable by means of easy, rapid, and i nexpensive methods. 
• The ind icator organism should be non-pathogen ic .  
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l\lan} m lcr  organ l m have attract ive ind icator feature . The rel iab i l ity of 
ind icators is  e a l uated b) comparison of their  inc idence and sur i al in water 
env i ronment and treatment process to that of pathogens as wel l as 
epidem i logical stud ie  on the consumer of \ ater suppl ies calcu lation based on 
m in imal i nfectious do e of pathogens and experiment us ing human volunteers. 
The fol l o\\ ing i a summar) of key featu res of commonly used ind icator: 
Total Co l i form Bacter ia :  Total col i form bacteria refer to a vaguely defined 
group of gram negat ive bacteria pr imari ly ident ified by the abi l ity to ferment 
lactose \\ i th the production of ac id and gas or aldehyde \ i th in  24 hours at 3 5 °C 
to 37 0c. Total co l i form bacteria inc l ude Escherichia coli, Enterobacter, 
Kfeb iffa and Citrobacfer. These col i forms are d i scharged in re lat ively h igh 
number (2*  1 09) co l i form/day/capita) i n  human and an imal  feces, but not a l l  of 
them of fecal  or ig i n .  
These organ isms have long h istory in  water qual ity assessment, ma in ly  because 
of their assoc iation w ith fecal contaminat ion, and re lat ive ly easy and rap id 
detect ion . Co l i form bacteria are descr ibed and grouped based on the i r  common 
origin or character ist ics, as e ither total of fecal  col i form . Some members of the 
group are almost conc l us ive ly of fecal  or ig in ,  wh i le other may also mU l t ip ly in 
su itable water env i ronment .  They are common ly found i n  env i ronment for 
example i n  soi l or  vegetation, as wel l  as the inte t ines of mamma ls, inc lud ing 
humans. Total co l i fonl1 bacteria are not l i ke ly  to cause i l l ness, but their presence 
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i nd i  ate that the \\ ater uppl) may be \ u lnerable to contam ination by more 
harm fu l  mlcr organ i  m .  Therefore. total col i form are primar) u ed for 
a sment of the genera l  san i tary qual i ty of fina l ly treated and d is infected 
dr ink ing \\ ater [16]. 
Ellterobacfer aerogelles: EnlerobaCler is a genu of common gram negat ive 
facu ltat ive anaerobic rod shaped non spore form ing bacter ia of the fam i l  
Enterobacteriaceae. e eral stra ins of these bacteria are pathogen ic and cause 
opportun is t ic  i n fect i on i n  immune-compromised host and i n  those who are on 
mechanical ven t i l at ion .  The urinary and respi ratory tracts are the most common 
s i tes of i nfect ion . The genus Enterobacler i s  a member of the col i form group of 
bacteria .  I t  does not be long to the fecal col i form because it i s  i ncapable  of growth 
at 44.SoC in the presence of b i le salts . 
Fecal  Col i form Bacteria: Fecal col i form bacteria refer to certain members of the 
group of total co l i form bacteria which are more c lose ly related to feca l or sewage 
pol l ut ion and wh ich genera l l y  not read i ly  mu lt ip ly  in water env i ronment . Th is 
group of bacteria i s  a lso known as the most tolerant col i forms or presumptive 
E.coli. Fecal co l i forms are pr imary used for the assessment of the fecal  po l l ut ion 
in \vaste water and raw water sources. Because the or ig ins of fecal co l i  form are 
more spec i fic than or ig ins of the more general total co l i form group of bacteria, 
fecal col i form are considered a more accurate ind icat ion of animal or human 
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\V a te than the tota l co l i form . They are detectab le  imple and ine 'pens ive test 
and \\ ide ly u ed in r ut ine \, ater qual it moni tor ing. 
E cltericllia Coli ( E.Col i ) : E.coli i the major spec ie in  the col i form group. Of 
the five general group of bacteria that comprise the total col i fom1 , on ly E. coli is 
general l )  not found gro\\ ing and reproduc ing JI1 the en ironment. 
Consequent ly, E.coli con idered to be the spec ies of co l i form bacter ia that is  
the be t ind icator of fecal  pol lut ion the pos ib le  presence of pathogens .  
E.coli i n  dr ink ing \vater ind icates the water has been contaminated \ \ i th fecal 
mater ial that ma) conta in  d isease-caus ing m icroorgan i sms, such as certa in 
ba teria, v i ruses or  parasites. The hea l th effects of exposure to d i sea e caus ing 
bacteria v i ruses and parasi tes 111 dr ink ing water are varied. The most common 
symptoms of water borne i l l ness inc lude nausea, vom i t ing,  and d iarrhea. I n fants, 
the e lder l) and tho e " i th compromised immune systems may suffer more sever 
effects. In extreme ca es some pathogens may infect the lungs. sk in  eyes nervous 
s) stem, k idney or l iver and effects may be more sever chron ic  or even fatal [14]. 
Enterococcus faecalis: Enterococci, a lso referred to fecal  trepfococci, are 
re lated groups of bacter ia which are more c lose ly assoc iated with fecal  pol lut ion 
that total col i form bacteria because member typ ica l l  present i n  feces of human 
and an imals  do not read i ly mu l t ip ly  in  water env i ronments. Recent ly the term 
fecal  enterococci have been proposed for a group cons ist i ng exc lus ively of 
Enterococcus faecalis, which are h igh ly spec i fic for human and an imal  fecal 
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p I l ut i  n .  The e pherical gram po it ive bacteria tend to be most re istance than 
fecal col i form [ 1 5 ] . 
Salmonella typh i m u ri u m :  Salmonella t ph imur ium i s  a pathogenic gram­
negat ive bacteria predominate ly found in the intest ina l  lumen.  Its toxic ity i due 
to an outer membrane consist ing largel of l i popolysacchar ides (LPS ) which 
protect the bacteria from the env i ronment. 
Water borne typhoid fe er outbreaks cause by another spec ies of Salmonella has 
dev a tat ing pub l ic health impl ications. Transm ission has been assoc iated with the 
consumption of contam inated ground water and u rface water suppl i es .  
Other  i nd icators: var iet of other ind icators has been used in water qua l i ty 
as essment i nc l ud ing Pseudomonas aeruginosa, Staphylococcus aureus, 
Legionella pec les, and Candida albicansand endotoxins. A l l  of these have 
ad antages for certa in  pu rposes [ 1 5 ] .  
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11.2 Trad it iona l  O i  i n fection Method 
hlor ine. con idered a the most popu lar dr ink ing \\ ater d i s infectant for the last 
everal decades. met it fi r t cha l lenge in 1 974 when THMs were d i scovered as 
it d i s infection b) -product . Water uti l i t i es almost immed iate ly started look ing 
for alternat ive d i  i n fectants main ly  to a oid the occurrence of  THMs in the 
fin ished "'v ater. Ozonat ion started gain i ng prom inence in Europe and Canada, and 
become popu lar in many u t i l i t ies . Though Ozone is known to be a very strong 
ox id iz ing and d i s in  fect ing agent, produces l i tt le THMs, removes taste and odor 
from the treated \Vater it main drawback are h igh capital cost and inab i l it) to 
impart res idual  protect ion in the d i str ibution mains .  Ch lor ine d ioxide \v as 
on idered as another potential d is infectant for dr ink i ng water treatment. 
Ch lori ne d ioxide i s  s im i lar to Ozone in i ts d is i nfect ion power and taste/odor 
remova l  qual i t ies and in add i t ion ,  has longer res idence t ime.  However, due to the 
d i fficu l t ies in hand l ing ch lor ine d ioxide it has to be loca l ly  produced c lose to the 
do ing point and lea es tox i c  inorganic res idual such as ch lori te and ch lorate. 
Ch loram ine though produces very low levels of  THMs and has much longer 
res idence t ime than the other three di i nfectants considered here, i s  a m i ld 
d i s i nfectant, b) itse l f  i s  env i ronmenta l ly  hazardous and does not ha e odor and 
taste removal propert ie  [ 1 6 ] .  
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1 1 .3 Di  i n fect ion Byp roduct 
Di i n fe tant are al 0 appl ied prior to send ing the v, ater i nto the d i str ibut ion 
) tem. I n  ome ca e . DBP may be fonned \ hen de a l i nated water i s  b lended 
\\ ith \\ ater from other ources prior to di i nfect ion or v. hen desa l i nated water and 
\\ ater from other ources m ix  in the presence of a residual d i s i nfectant in the 
d i  tr ibut ion s)' tem . In most existing desa l i nation p lants, free ch lorine 
(HOC I/OCn is used for pre-treatment and final d i s i nfect ion [ 1 7) .  
Ch lorine. con idered as the most popular dr ink ing water d is i nfectant for the last 
e eral decades. met its fi rst chal lenge in 1 974 when THMs  were d iscovered a 
it d i  i n fection by product .  Di i n fect ion of dr ink ing water by ch lorine produces 
everal d is i nfection b products (DBPs) inc lud ing the wel l documented 
Trihalomethanes (THMs) .  As some of these compounds are harmfu l  to health, 
tr ingent l i m i ts ha e been imposed b regu latory bod ies on the i r  perm i ss ib le 
Ie e l s  i n  potable water. 
Water uti l i t ies a lmost immediate ly started look ing for alternat ive d is i nfectants 
ma in l y  to avoid the occurrence of THMs in  the fin ished water. Treatments based 
on pre-ozonation fol l owed by post-ch lorination became popu lar in many ut i l i t ies. 
But recent study shows that a lso ozone form organ ic  and inorgan ic by-product. 
A ldehydes, ketones, ketoaldehydes, carboxyl i c  acids, aldo acids, keto ac ids, 
hydroxyl ac ids, a lcohols and esters are examples of organic by-product. I norgan ic 
by-products a l so form inc lud ing bromate and hypobromite [ 1 8 ) .  
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Though e\ era l other compounds " i th d is i nfect ion propert ies are ava i lable todaY' 
ch lori ne, ch I  ram ine, ozone, U ltravio let and ch lor ine d iox ide, but a l l  formed 
DBP . Each ha i t  \\ n advantages and l im itat ion w ith respect to  d i s infection 
effic ienc) . po t-di i nfect ion b ioc idal act i v ity, co t, ease of hand l ing and by­
product format ion etc . 
I n  ea\ ater desa l i nat ion, d is i nfect ion of seawater and product water is most ly 
carried out by ch lor inat ion and very few stud ies have been carried on the use of 
a l ternat ive d i s i nfect in  th is  fie ld .  Water samples from desa l i nat ion d i ffer from 
tho e or ig inat ing from natural sources such as r ivers and lakes in one important 
aspect \\ h i ch  is re levant to THM formation, i . e .  its bromide content. H igh 
bromide content in sea\ ater and poss ib i l ity of carryover of brom ine and 
brominated TH Ms i nto desa l i nated water ma alter both the quant i t) and spec i es 
d istri but ion of THMs [ 1 9] .  
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1 1 04 Regu lat ion of  D i  i n fect ion B -Prod uct i n  Dri n ki n g  Water 
i nce the di cover) of ch loroform a a DBP i n  dr ink ing 'Ii ater i n  the earl) 1 970s, 
ign i ficant re earch effort have been made to improve our understand ing of DBP 
format ion and contro l .  To date, more than 600 DBP have been iden t i fied in 
dr ink ing \\ ater . To m in im ize consumer exposure to hazardous DBPs \\ h i le 
mainta in ing an adequate d i  i nfect ion and contro l of  targeted pathogens, the 
World Health Organ izat ion (WHO) and the author i t ies in most developed 
countries have in t roduced dr ink ing water gu idel i nes and standards [20] . 
Tab le I l . l :  WHO regu lat ion of inorgan ic d i s i nfect ion by product 
I DB Ps WHO sta ndard i n  mg/L 
Iodate Not regulated 
Bromate 0 .0 1 
Ch lorite 0 . 7  
Ch lorate 0 . 7  
2 0  
1 1 .5  DBP i n  Ara bian G u l f  Cou n trie 
Man) cOllntr ie 1 11 the region , l i ke most of the countries in  the rabian 
Pen in  u la. are now increa ing ly depend ing on sea "" ater desal i nat ion a the major 
our e of dr ink i ng \\ ater. Two most wide ly employed de a l i nat ion techn iques in  
these countr ie are Mu lt i  tage F lash Dist i l lation (M F )  and Reverse Osmo is  
(RO) .  I n  the e p lant , ources sea water and the product water (d ist i l lates from 
M F and permeates from RO) are d is infected to control pathogen ic bacteria. 
Gaseous ch lor ine and h poch lorite solut ions as the most \ idely used 
d i s infectant i n  the desa l i nat ion industr) . 
tudie on the nature and extent of DBPs in  desal ination deri ved dr ink ing water 
suppl ies are ery canty in l i terature. A study [2 1 ]  determ i ned the concentrations 
of THMs in  the di t i l lates produced from synthet ic  sea water conta in ing varying 
concentrat ion of humic  ac id and ch lor ine .  The i r  resu l t  ind icated that the 
d ist i l lat ion process is  very effect ive in  remov ing THMs  and TOe from 
ch lorinated sea water. But post ch lorinat ion of the d is t i l lates caused the format ion 
of t races of THMs .  Another study [22 ] .  THMs and extractable organ ics in  the 
d i  t i l lates \! ere measured from three MSF  plants in  Easyern Prov ince of audi 
Arabia .  Samples of dr ink ing water prepared by b lending brack ish \ ater \ i th 
d ist i l lates from one of these p lants were a lso mon itored for s im i lar organics for a 
period of one year. Later the same group extended the study by determ in ing 
THMs  in  potable water sample  from 1 3  d i str ibut ion points in 10 c i t ies in Eastern 
Pro i nce of aud i A rabia and Riyadh .  
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In  audi Arabia, the concentrat ions of THM found i n  the d ist i l late and the 
ma� up water w ere much lo\\ er, i .e .  < I  and 20 j..l g/L, respect ive ly .  The e studie 
al 0 ind icated that THM i n  ch lori nated d ist i l late and ch lorinated b lended water 
proce s capable  of remo ing h igh molecular weight hum ic substance present in 
ea \\ ater as reported in that study [2 1 ] . But some traces of total organ ic carbon 
t i l l  ou ld be  detected i n  t h e  d ist i l lates (usua l ly  less than 0 . 1 ppm) .  
I n  Ku\\ aic a tudy [ 23 ]  stud ied the  effects of various process parameters such as 
pH.  Temperature .  ch lor ine concentrat ion and anti -scalant add it ives on the 
formation of THMs  in the product d i st i l late and other process streams in MSF  
plant a t  Doha Ea  t .  tud ies from Kuwait conc luded that approximate ly I I  % of  
TH Ms  i n it ia l ly  present in t h e  ch lori nated make up sea water (29 .2 j..l g/L) appeared 
in the d i st i l l ates. Kuwait a l so had reported bromoform as the largest fract ion in 
the total TH Ms  [23 ] .  
A stud) [24]  analyzed the seawater i n  Umm A L  Nar desa l i nat ion p lant i n  Abu 
Dhabi, the capital c ity of UAE and exam ined its potent ia l  to foml tr iha lomethane 
compounds after c h lorinat ion .  The study showed that bromoform represented 
95% of the formed THM in eav. ater and in the final d ist i l lated as wel l .  Another 
stud) [ 2 5 ]  has a l so identified the dom inance of bromoform as DBPs in Abu 
Dhabi; water d istr ibut ion system known to rece ive a major port ion of its dr inking 
water from the same plant ment ioned above Um Al ar .  
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I n  another tud} [26] ,  c hlori nat ion byproduct in dr ink ing water produced from a 
thermal de alinat ion p lant in  the UAE v ere inve t igated . Triha lomethanes and 
ha loacet i c  ac ids \ ere b th tracked at the plant ' s  i n fluent and effluent and after 
everal di t i llat ion tage in ide the plant . And the result showed that trace levels 
of Haloacet ic ac id \ ere reported in the effluent water, tangib le levels of 
bromoform were reported in the final d i st il late espec ial ly  after post ch lori nation . 
Re ult reported in  the above studies ind icated that in  general, THMs leve ls  i n  the 
desali nation derived potable water \ ere lower by an order of magnitude in 
compar ison \\ i th concentrat ion found in dr ink ing water from natural sources. 
AI o .  the re u lts  ind icate that the thermal processes do not totally remove the 
DBPs precu rsors or ig ina l l  found in the seawater. 
The k i net ics of D B Ps format ion and the nature of DBPs formed are affected by 
the presence of brom ide and iod ide. For examp le, e l evated concentrat ions of 
brom ide lead to enhanced product ion of brom inated DBPs during ch lori nation 
and enhanced bromate production during ozonat ion [ 1 7 ] .  
Iod ide i s  usual ly  present i n  natural waters at concentrat ions that are s ign i ficantly 
lower than those of chlor ide or brom ide. evertheless, i ts presence can lead to 
format ion of elevated concentrat ions of iodinated DBPs when chloram ines are 
employed for d is i nfect ion .  In addit ion to their potent ial adverse hea lth effects, 
iod i nated DBPs are a concern because the taste and odor threshold of iod inated 
organ i c  compounds is often very low [ 3 ] .  Iodide concentrat ions in desal inated 
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\\ ater are u ua l l )  lov, er than tho e of ch lorid and brom ide becau e iodide 
oc ur at 10\\ er c n entrat i n 111 ea\\ ater. Moreo er. in seawater. iod ine is  
u ual l )  present in  it x id ized form, iodate ( 103) .  As a resu lt. iod ide 
concentrat ions are not ah a) correlated \ ith concentrat ions of ch loride and 
brom ide. The h i ghe t iodide concentrat ions u ual ly occur in arid regions and in  
ground\\ ater where the local geology i s  r i ch  in  iod ide. Thus, format ion of  
iod inated OBPs may be  loca l i zed to  desa l inat ion systems in  wh i ch  the source 
\\ ater i s  enriched in  iod ide [ 3 ] .  
Ensur ing t h e  a a i l ab i l ity of  c lean, abundant fresh water for human use is  among 
the most pressing is ue fac ing the Un i ted Arab Emi rates and the wor ld .  In the 
n i ted Arab Emi rates as i n  the rest of the w orld, dr ink ing \ ater d is infection i 
conduct i ng by ch lor inat ion .  On top of the impending supply cr is is ,  the Un ited 
Arab Em i rates face a host of water qual i ty i ssues that demand improved treatment 
methods to resolve .  
One g lobal scale \\ ater borne d i seases are t i l l  a major cause of  death in 
de\ e loping countr ies \\ here acce s to safe dr ink ing \\ ater i s  often l im ited. W ith 
the i ntroduct ion of d i s i nfection process (ma in l) ch lori ne). water borne i n fect ious 
d iseases have been s ign ificant ly reduced . However. it i s  kno" n that the 
appl icat ion of d i s i nfection agents such as ch lorine. ch lori ne d ioxide or ozone is 
a oc iated \\ i th the format ion of  d i s i nfection by product. e.g. tr ihalomethane. 
ha lo-pheno l .  ketones a ldehydes) some w ith a h i gh mutagen ic  and or carc i nogen ic 
24 
potent ia l .  h lorination a l  0 affect the  test and odor of dr ink ing \\ ater. Therefore. 
there i -t i l l  a need for ne\\ c ncepts to reduce the re lea e o f  tox ic b) products 
re-u l t ing fr m d i  i n fection processes [26 ] .  
\\ e a l  0 need to  impro e d i s i nfection t o  i nact ivate pathogens and prevent creati ng 
d i  i n fect ion by products that are themselves h igh ly tox ic .  There i s  a c lear and 
urgent need for ne more effect ive methods to pur ify ater for the people of 
n i ted Arab Em i rates and the \ orld . The app l icat ion of modern nanotechnology 
cou ld be one approach to impro e th i s  s i tuat ion . Address ing these problem cal ls 
out for a tremendous amount of research to be conducted to iden t ify robust new 
methods of pur ify i ng \'1 ater at lower cost and wi th less energy, wh i le at the same 
t ime m i n im iz i ng the use of chemica ls and impact on the env i ronment .  More 
effecti e. lower-cost, robust methods to d is infect and decontam inate w aters from 
ource to poin t -of-use are needed, w ithout further stress ing the env i ronment or 
endangering human health by the treatment itse l f. 
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1 l .6 Pretreatment  and  Removal of P re c u r  ors of Di i n fection Byprod ucts 
1embrane need to be protected from part i cu late to pre ent c logging 0 
part i u late remo al pr ce e are employed, w h i l e  oxidants and b iocides ma) be 
emplo) ed to pre\ ent fou l ing of the RO membrane . Ithough these pretreatments 
are not nece sar i l )  emp lo) ed to reduce the numbers of waterborne pathogens they 
\\ i l l  have an i mpact on numbers part icu larly through part ic le  remova l .  
Pretreatment inc l ude t he  u e of mem branes for m ic rofi  ltrat ion (M F)  and nano­
fi ltrat ion ( F) to prepare the water for the ubsequent desa l ination process. M F  
and N F  h a  e a ub equent capac i ty to phys ica l ly remove a large proport ion of 
part i cu late assoc iated m ic roorgan isms as wel l as ome d i ssolved sol ids .  They can 
effect ive ly remove at l east 6 logs of m icroorgan isms accord ing to their pore size 
d istri but ion, but the actual removal shou ld be va l idated before appl ication as a 
pretreatment .  
Pretreatment of  the source water after the i ntake is  normal ly  designed to remove 
contaminants that \ i l l  i nterfere with the desa l i nat ion process by scale formation 
or membrane fou l ing .  Th i s  treatment can inc l ude coagu lat ion and fi l trat ion or 
membrane fi ltrat ion processes that w i l l  remove part icu late and organ ic matter, 
inc lud ing a s ign i ficant reduction of OM.  A d i s i nfectant such as ch lorine is  
normal l y  appl i ed to m i n im ize fou l ing and reduce the r isk of pathogens carrying 
over the product \ ater. 
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Humic and fu l v ic ac id and ther re lated ub tances that constitute OM can 
react , ith ch lor ine (and other d i s infectants) to produce a w ide range of 
hal genated and oxidation b -products. I n  the presence of  the h i gh brom ide 
on entrat ion found in  eavv ater and many brackish ,vater, the brom ide is 
o:\. id ized to brom ine or hypobrom ite, " h ich w i l l  take part in  the ha logenat ion 
react ion and produce organobromine products as the predom inant byproducts. 
Here \\ e h igh l ight some of the science and technology being developed to 
improve the di i nfect ion and decontaminat ion of water, w i thout formation for 
harm fu l  d is i n fect ion by product. This technology i s  us ing nanopart ic les in  water 
d i s i nfect ion . 
anotechnolog has been found to p lay an important ro le in  sol ing man) of the 
problems that are encountered i n  water puri ficat ion. The recent development of 
nanotechnology has proved that nanomater ia ls such as nano-s ized metal oxide 
cata l )  sts can have h igh act iv i ty in  degradat ion of a wide range of organ ic and 
inorgan ic contam i nants in water. 
I I .7  Appl icat ion of Nanopa rtic les i n  Water Disi n fect ion 
The removal of  pathogens us ing nanotechnology i s  an emerg ing area of  research 
and it is a prom is ing a lternat ive to exist ing processes such as ch lorination. 
E ffect ive treatment processes for dr ink ing water production are major 
prerequ is i tes for a developing and growing economy. Therefore, it is cruc ial to 
de e lop and imp lement i nnovat ive water technologies treat ing water with h igh 
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effi ienc) and 10\ energ) consumpt ion.  To date major chal lenges for vv ater 
treatment are pathogens and hem ical  pol l utants. On a globa l  sca le '  water-borne 
di ea e are t i l l  a major cau e of death in de eloping countr ies where access to 
safe dr ink ing water i often l im i ted . With the in t roduct ion of d is infection 
proces e ;  ma in l )  ch lorine, " ater borne i n fect ious d i sease have been 
ign ificant l )  reduced . HO\\ ever, i t  is known that the appl icat ion of d is i nfection 
agent such a c h lor i ne, ch lor ine d iox ide or ozone i s  assoc iated " i th the 
format ion of  d i s i n fect ion by products some w ith  a h igh mutagen ic and or 
carc i nogen i potent ia l .  
Ch lori nat ion a l so affects the taste and odor of dr ink ing water. Therefore. there is  
sti l l  a need for ne\ concepts to reduce the release of  toxic  byproducts resu l t ing 
from d i s i nfect ion processes. The appl i cat ion of modern nanotechnology cou ld be 
one approach to improve th i s  s i tuat ion .  
The u t i l izat ion of nanomater ia ls has received much attent ion due to their  un ique 
propert ies such as extremely smal l  s ize, h igh surface area to vo lume rat io, surface 
mod i ficat ion exce l lent magnet ic propert ies and great b iocompat ib i l ity [27] . 
anomater ia l s  are excel lent adsorbents, catalysts and sensors due to the i r  large 
spec ific  surface area and h igh react iv ity. More recent ly several natural and 
eng ineered nanomater ia ls  have a lso been shown to have strong ant im icrobial 
propert ies .  
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n l ike con entional chemical d i  i nfectant , the e ant im icrobial nanomateria l  are 
not trong oxidants and are relat i e ly i nert in  ater .  Therefore, the  are not 
e:-..pected to produce harm fu l  DBPs .  I f  proper I incorporated i nto treatment 
proce e ,  they ha e the potent ia l  to replace or enhance con ent ional d i s infection 
method [28 ] .  
nt ibacter ia l  act iv ity i s  related to compounds that local ly k i l l  bacteria o r  s low 
do" n the ir  gro" th ,  w ithout being in general toxic to surround ing t i ssue .Most 
current ant i  bacteria I agents are chemica l ly mod i fied natural com pounds [ 1 1 ] . 
everal nanopart i c les have been synthes ized tested for the i r  appl icat ion in water 
treatment .  These i nc lude carbon nanotube . metal nanopal1 ic l es, nano-sponges 
and zeol ites. 
I I .8 Types of Nanomate ria ls Used in Water T reatment  
The nanomater ia ls  used for , ater treatment on research can be c lass i fied into 
four groups; anosorbents, Metals and Metal oxide nanopart ic les Zeol i tes, and 
anosponges. 
ano-sorbe n ts are nanos ized part ic les onto which some inorgan ic and organic 
molecu les can be adsorbed. They are working as a separat ion medium in water 
treatment .  These have rece ived great attention \ orldw ide because they have a 
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\ ery large urface area to o lume ratio and can a ls  be funct ional ized for pec i fic 
app l icat ion in the remo al of pol lutant in  w ater [ 29 ] .  
1etal a nd Metal oxide nanopart icJes uch as  i l ver, magnes ium oxide and 
c pper. The e nanopart i c le are rece iv ing attent ion for the i r  potent ia l  app l ication 
in \\ at r treatment and d i s i nfect ion. 
Zeol i tes are inorgan ic crysta l l ine porous mater ia ls that ha e a h igh order structure 
and are general ly  compri sed of s i l icon. a lum inum and oxygen . Their 
ph) icochemica l  characteri t i c  such a h i gh mechanical and chemica l  res istance 
in add i t ion to the ir  h igh surface area, have formed the bas is  for their \\ idespread 
use i n  cata lys i . separat ion, and ion-exchange. Zeol i tes are used as an 
ionexchange media for metal ions and effect ive sorbents for removal of metal 
ion [30 ] . Zeol ites ha e been reported ly  used in the removal of  heavy meta ls such 
as Cr( I I I ) .  i ( I T ) ,  Zn( J I ) ,  Cu( I l) and Cd( J I ) from metal e lectrop lat i ng and ac id 
m ine wastev. aters [29] . These are inorganic crysta l l i ne porous materials \ i th a 
h igh ly ordered structure .  
Polym eric nanosponges have been deve loped and have been used for the 
removal of organ i c  pol l utants. An example is cyc lodextr in polyurethanes. These 
have a powdery granu lar morphology and have a large surface area. They ha e 
been conjugated wi th  functional monomers such as ion ic l iqu ids and 
functional ized carbon nanotubes. Upon conjugat ion, cyc lodextrin based 
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p I) u rethane an remo\e In rganic and organ ic pol l utants. Moreover. further 
add it ion of component uch a metal nanopart ic les such as s i l ver and copper 
nanopart ic le can add an anti bacterial characterist ic to the cycolodextr in 
polyurethane ba ed polymer [29 ] .  
Nanopowder P ropertie 
anopo\ ders are three d imensional un i -axial nanosized objects at a level 
i ntermediate bet\", een atom/molecu le and bu lk .  The nanopowders have a tendency 
to gro\\ i nto m i c ro-po\ ders or macroscopic mater ia ls instantaneous ly and then 
lose the ir  pec i fic features .  Therefore. the production of a nanopowder with 
contro l led part i c le s ize and degree of aggregat ion i s  the main attract ion for the 
man) research efforts .  Recent ly. s ign ificant progress in the d iver ity of 
preparat ive methods has been made. PO\ der s ize i s  the pr imary dr iver for the 
grow ing synthetic in terest as i t  affects photocatalyst propert ies .  1 11 general, 
nanopart i c ies have d i fferent c lass ica l  propert ies from the bu lk  mater ia l .  
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I l .9 The tox ic ity mecha n i  m of NP aga i nst bacteria 
The xact mechani m of P toxic ity aga in t ariou bacteria are not understood 
complete ly .  P are able to attach to the membrane of  bacteria by electrostat ic 
interact ion and d i srupt the integrit) of the bacter ia l  membrane. Non-to. ic ity is 
genera l l )  tr iggered by the induct ion of ox idati e tress by free rad ical formation 
that i the react ive ox) gen pecies e ROS) fo l lo-,: ing the adm in i strat ion of P 
[ 3 I ]. 
Role of the  cel l  wa l l :  
The bacter ia l  ce l l \ a l l  i s  designed to  pro ide  strength r ig id ity, and shape and to 
protect the ce l l  from osmotic rupture and mechan ical damage . Accord ing to their 
tructure components and functions the bacter ia  cel l wal l can be d i  ided into the 
t\\ 0 main categories : Gram pos i t i  e and gram negat ive. The w al l  of  gram pos i t ive 
ce l l s  conta i ns a th ick layer (20-50 nm)  of pept idog lycan ( PG )  which is attached to 
teichoic ac ids that are un ique to the gram pos it ive ce l l  wal l s .  By contrast gram 
negat ive ce l l wa l l  is more comp lex, both structura l l y  and chem ica l ly .  More 
spec i fical l ) ,  i n  gram negat ive bacteria the ce l l  wa l l  comprises a th in  PG layer and 
conta ins  an outer membrane. 'V' h ich covers the surface membrane. The outer 
membrane of gram negat ive bacteria often confers res istance to hydrophobic 
compounds, inc lud ing detergents and conta ins  as a un ique component 
l i popo lysaccharides which increase the negat ive charge of ce l l membranes and 
are e sent ia l  for structura l  i ntegrity and v iab i l i ty of the bacteria [ 1 1 ] .  
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pe ie  en i t i \.  i t }  i not  on l  re lated to the  structure of  the  ce l l  \\. a l l  i n  gram­
po i th.'e and gram-negat i ve bacter ia .  e eral add i t ional factors can i nfluence the 
u cept i b i l i t) or to lerance of bacteria to N Ps. For e ample, E. coli i s  h igh ly  
u cept ib l  \\ herea laphy/ocOCCllS aureus and Bacillus sublilis are les 
u cept ib le to CuO Ps. The antibacteria l  effect of  Ag Ps i s  h i gher than Cu P 
aga in  t E. coli and s' aurells bacteria .  s' aureus and B.sublili are more suscept ib le 
than E.coli to iO and ZnO Ps [ 1 1 ] .  
Role of growth rate: 
Another factor can i nfluence the tolerance of  bacteria against N Ps i s  the rate of 
bacter ia l  gro\\1h .  Fa t-grow ing bacteri a  are more suscept i b le than s low-grow ing 
bacteria to ant ib iot i cs and Ps. I t  is poss ib le that the tolerance property of slo\\ 
gro\', ing bacter ia i s  re lated to the e. pression of tress-response genes. 
Consequent ly, anti bacter ia l  effects h igh depend on the part icu lar stra i n .  
The recent development of nanotechnology has raised the  poss ib i  l i ty of 
em ironmental decontaminat ion through several nanomaterials, processes and 
tools .  To keep pace w ith th i s  extremely rap id growth in nanotechnology in the 
field of  remed iat ion, i t  i s  necessary to cr i t ica l l y  assess the current know ledge of 
env i ronmental decontam inat ion where prom i nent sc ient ist and researchers ha e 
pro ided ins ight i n  the ir  areas of expert i se, thus offer ing an overal l p icture of stat­
of-art of the fie ld .  These fol lowing l i nes summar ize the expert ise of 
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de ntam i nation for the u ce fu l real izat ion of remed iat ion in drink ing \\ ater 
fr m m ic robe through nanotechnology [32 ) .  
n . I O  Cha racterist ics of E xamined Nanopartic le 
Th i s  sect ion ummarizes the main character ist ics of nanopart ic les considered in  
th i  tudy and e laborate on their effect ivene s in  d i s infect ion of dr ink ing \ ater. 
The e lect ion of these nanopart ic les was made by consider ing the nanopart ic les 
\\ idel) stud i ed in pre ious l iterature and found to have potent ia l  effic iency 1 11 
\\ ater d i  i n fect ion .  I n  most of these stud ies, the nanopart i c l es were app l ied 111 
matr ix or u ed wi th  d i fferent fixat ion methods. Those studies a lso overlooked the 
regu lated l im its  of used nanopart ic les in dr inking water. On the contrary, th is  
tud) accounted for the standard l im its  of each of these part ic les in dr ink ing water 
in e the nanopart ic le  were tested in suspens ion mode and appl ied d irect ly  in to 
d i fferent \Yater samples .  Table 1 1 .2 l i st the standard l im its of the used 
nanopart ic les. 
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Table 1 1 . 2  tandard l im i t of u ed  nanopart i c le  regu lated by  WHO 
n o  � a n op a rticle S t a n d a rd l i m i t  ( mg/L )  
1 Ag 0 . 1 
2 ,\g-Cu NA 
3 Cu 2 
..j CNTS NA 
5 ZnO 
-
6 Si02 NA 
7 MgO 50 
Si lver Nano particles: 
P roperties of s i lver NPs: S i lver nanopart i c l e  have un ique optical ,  e lectr ical and 
thermal propert ie and being i ncorporated i nto products that range frol11 
photovolta ics to b io logical and chem ical sensors. Examples i nc lude conduct ive 
ink . pastes and fi l lers wh ich ut i l ize s i lver nanopart ic les for the i r  h i gh e lectr ical 
conduct iv ity. tab i l ity and lo'.v s i nter ing temperatures . Add it ional app l icat ions 
inc lude molecular d i agnost ics and photon ic  de i ces. which take advantage of the 
novel opt ica l  propert i es of these nanomater ia ls .  An  increas ing ly common 
appl icat ion is the use of s i lver nanopart i c les for ant im icrob ia l  coat i ngs and many 
text i les. keyboards wound dress ing and biomed ical  devices now conta i n  s i lver 
nanopart i c les that cont i n uous ly re lease a low level of s i lver ions to prov ide 
protect ion aga inst bacteria [ 1 8 ] .  
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Antim i robial pr pert ie of  s i l  er compounds and i l ver i ons have been 
hi torica l l ) recogn ized and appl ied in \ ide range of app l ication from d is infect ing 
medical  dev ice and horne appl iances to water treatment .  The antibacterial effects 
of metal l i c  i l  er ha e b en known for centuries .  Th is beneficia l  property 
origi nate from i l  er ions d i  o lv ing from the surface of b u l k  s i l  er. In  contrast 
to the u e of i l  er ions, the b ioc idal effect of bu lk i lver i long last ing and 
table. HO\\- ever, it is d i fficu lt to apply bu lk  s i lver in industrial or domestic 
appl ication because of its high price and low ion re lease rate. Recently, the 
appl ication of s i l  er  nanopart i c les has ushered in  a new approach to the 
app l i cat ion of i lver ant im icrobia l  agents [ 3 3 ] .  
e eral i n  est igat ions have been carried ou t  to find out the bacteric idal effect of 
nanopart ic les and their appl icat ion in  the p last ics, health. text i l e  and paint 
industries. In comparison with bulk s i lver, s i l ver nanopal1 ic les relea e of s i lver 
ions ,\ i th a contro l lable rate . Therefore nanopart ic les are expected to play a 
c ruc ia l  role i n  the food industry, water d i s i nfection and other appl ications related 
to d i s i nfect ion . 
Physicochem ical propert ies p lay an important ro le in  the ant im icrobial act ivity of 
Ag NP. In genera l part ic les of  less than 1 0nm are more toxic to bacteria such as 
E. coli and Pseudomonas aeruginosa. However, the mechan ism of  tox ic i ty is  st i l l  
on ly part ia l ly understood. S i lver ions interact wi th th io l  groups in  prote ins, 
resu l t ing i n  i nact i  at ion o f  respiratory enzymes and lead ing to the product ion of 
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RO . I t  \\ a al 0 ho\\ n that Ag ion prevent D 
tructur and permeabi l ity of  the cel l membrane. 
rep l ication and affe t the 
tud) [ 3-+ J ,  the tr atment of E.coli bacter ia \Va inve t igated us ing two common 
di i n fe tant . phenol and hy poch lorite \ ith variou concentrat ions to compare 
\\ i th the bacteric idal act iv ity of Ag N Ps .  The fu l l  bacteric i dal act i v ity of the three 
agents \\ as as es ed b cu l turing samp les after 1 0  m in  and or 2 h of treatment 
\\ ith various concentrat ions of the d i s i nfectants. Phenol d i s i nfectants sho\ ed a 
1 BC of 1 6  ppt for the 1 0 m in  treatment wh i l e  the hypoch lorite sho\>\ ed a M BC of 
1 6  ppm under the ame operat ional cond i t ions .  A lthough Ag Ps d id not sho\" 
a fu l l  bacter ic ida l  acti i ty for the 1 0  m i n  t reatment, they d i sp layed a M BC of 40 
ppm after 2 h . W ith increase in the t reatment t ime per iod to 6h, the Ag NPs 
exh ib i ted M BC of  0 .6 ppm. It \'vas a lso found that the Ag N Ps exh ib i ted long term 
and persistent effect on E.coli i nact ivat ion with h igh effic iency ( 1 00% effect ive) .  
The Ag nanopart ic les may provide new opportun i t ie  for \ ater treatment [34 ) . 
The toxic i ty mechan isms of Ag N Ps aga i nst bacteria : Regard ing the 
s im i lar i t ies and d i fferences in  bacter ic idal mechan isms of act ion by s i lver and 
other chem ical d i s i n fectants, it has been proposed that i nh ib i t ion of m icrobes 
involves i nteract ion of cyste ine res idues in cr i t ica l  reg ions of prote ins, re u l t ing 
i n  the i r  i nact ivat ion .  Other stud ies indicate that the s i l ver caused leakage of 
potass ium cat ions  from the membrane, thereby d i srupt i ng ce l l u lar transport or 
resp i rat ion .  Other  effects observed were i nh ib i t ion of  growth or abnormal gro\ th 
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that cau ed c l I u lar defect . Importat ion into the cel lu lar body al 0 lead to 
interact ion \\ ith negati e ly charged deo yri bonucle ic ac id C DN ) cau ing 
nucle ic acid damage. Intr igu ingly greater lethal ity was observed from 
e lectrochem ica l ly  generated i l  er compared to ionic s i lver \\ ith concom itant 
format ion of s ih  er ion . These ions interact wi th l ip id  conjugates of 
pol) accharide and lead to deformation of the membrane [ 34 ] .  
comparison of  t he  bacter ic idal act iv ity of Ag  N P  on t \  0 types of bacteria, 
Gram negat i ve C E. co") and Gram posi t i  e (S aureu ) was perfonlled [ 25 ] .  I n  that 
tud) . the Gram po i t i  e bacteria S allrells were used as a model m icrobe and 
treated wi th  various concentrat ions of Ag NPs to determ ine whether the Ag NPs 
eAh ib i t  bacter ic ida l  act iv i ty. The bacter i c idal behavior was assessed by cu ltur ing 
sample  after 2 ,  4 ,  6 and 8 h of treatment. The Ag- Ps were capable of 
i nact i  at ing Gram posi t i  e bacteria, however they d i sp lay a h igh M BC to 
inact i vat ing the S allrella ( l 0  ppm) compared to E.coli (0 .6  ppm) with the same 
treatment t ime  (4h) .  To ach ieve the same M BCs (2 . 5ppm),  S aurues requ i re 
longer t reatment t ime period (8  h) to damage its ce l l  wal l! membrane and to cau e 
ce l l  death. \ hereas for E.coli approximately 4 h were needed . Compared to 
E.coli. S aurells d isp layed h igher resistance to Ag Ps .  Th is  may be due to the 
inact i v at ion mode of the microbe being d i fferent or due to the fact that S al/reus 
has a th i cker peptidoglycan layer i n  its ce l l  wal l .  Th i s  ce l l  wal l ha been 
demonstrated to prov ide res i stance to chem ical d i s i n fect ions and a l lowed the ce l l  
to  surv ive under cond i t ion,  which wou ld  term i nate E. coli. The d i fferences in 
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ompo i t ion of  the ce l l  w al l  bet\v een Gram po i t i  el negat ive bacteria  cou ld 
re u lt i n  d i m in i  hed i nteract ion of Ag Ps \\ i th the S aureu , requ ir ing greater 
interact ion t ime b fore the treatment \\ a effective [ 34 ] .  
The mechan ism of  E. coli i nact ivat ion using Ag  Ps  could i nvolve mu lt ip le 
proce se i nc lud ing :  
1 .  i nd i rect generat ion of reactive oxygen spec ies ( ROS) 
2 .  D i rect interact ion of  s i lver w ith prote ins and l i p ids i n  the ce l l  wal l  and 
prote ins  i n  the c ytoplasm ic  membrane involved in transport and 
resp i rat ion metabo l ism, comprom is ing the ir  funct ion .  
3 .  Once the wal l  and p lasma membrane are comprom ised potential 
i nteract ion with D A, a l though our resu l ts  d id not detect l inger ing 
nanopart i c les i n  the cytoplasm [ 34 ] .  
A stud [ 3 5 ]  reported that, Graphene Oxide (GO) nanosheets impregnated with 
s i lver nanopart i c ies (Ag N P/GO) performed effic i ent ly in  br inging down the 
count of E. coli from 1 06 c fu/m l to zero with 45 mg/L GO in  water. The m icron­
scale GO nano-sheets enable them to be eas i l y  depos ited on porous ceram ic 
membranes dur ing water fl i rtat ion, making them a prom is i ng biocide material for 
water d is i nfect ion . 
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An ther tud) [ 36 J  i l1 \  e t igated b iosynthes is  of  i l  er nanopart ic le and i t  
a t i \  it)' on  \\ aterborne bacterial pathogen . I n  th i  tudy.  i l ver nanopart ic les 
ho\\ ed effect i v e i nh ib i tory act i  ity against water borne pathogens V iz, E.coli 
and ibrio cholera .  il er nanopart ic les 1 0  Jlg/m l was recorded as the m in imal 
i nh ib i tor) concentrat ion ( M I  ) against E. coli and V. cholerae. 
i lvel- a n d  copper N Ps :  The u e of s i lver i n  water d i s i nfection was in estigated 
in recent tudy [ 3 7J \\ here s i lver and copper \ ere supported on act ivated carbon 
b impregnat ion method . Further 0 . 1 g of the cata lyst was d ipped in  50  cm3 raw 
water (pond \\ ater, v" h ic h  conta ins p lenty of m icroorganisms v i th E.coli a main 
bacteria l  t) pe present) taken i n  a 1 00 m I steri Ie transparent vesse l \ ith screw cap 
and t i rred for 1 h in a batch mode at room temperature .  A fter 1 h ,  the catalyst 
was fi ltered off and the \ ater tested for the presence of bacteria quant i tat ively. 
The data of  quant i tat ive analysis of  m icroorgan isms present in  the water samples 
after treati ng  \\ i th Ag-Cu catalysts c lear ly ind icate the h igh ly effic ient nature of 
0 . 5  Ag- 0 . 5  Cu/C catalysts toward contro l l ing the m ic roorgan ism.  The raw \: ater 
i .e .  \ ithout a catal st that is tested has shown the presence of large number of 
bacteria l  colon i es. Even,  w ith act ivated carbon, the catal yt i c  act iv ity in 
contro l l ing the m icroorgan isms is  negl ig ib le .  The H igh act iv ity ( nearly 80 %) 
possessed by 0 .5 A g-0 . 5  C u/C catalysts was due to the strong interact ion between 
Ag and Cu,  presence of smal ler part ic les of Ag and Cu and more amount surface 
composi t ion of Ag and Cu [ 37 ) .  
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opper ( C u )  P :  opper nanopal1 ic les ha e al read) been considered for a 
range of uses ba d on the ir  ant im i robial propert ie and they are \" idel) u ed in 
lubricant , ink and other app l ications that make u e of the i r  ant i -microbial 
pr pert ies .  Ho\\ e er, the b io log ical effects of ClI - Ps can ary based on their 
ph) i h m ical  propert ie . and on their oxide content and pr imary ize. ClI- P 
can be oxid ized and ex ist a copper oxide nanopal1 i c le (ClIO- Ps) [ 3 8 ] .  
opper nanopart ic le  have large spec ific  surface area and a number of  surface 
a t i ve center . Due to its h igh conduct iv i t and surface area, copper 
nanopal1 ic le can be used for e lectromagnet ic sh ie ld ing and heat s inks. Cu 
nanopart i c Je can serve as catalysts for chem ical react ions [ 39 ] .  
The exact mechanism of bacter ia l  d i s infection by  CuO i s  not c lear. How e er, 
l im i ted propo ed mechani m are reported. one of these mechanisms i the 
re leased Cu ions from the nanopart ic les going in  contact wi th the bacteria cel l 
membrane . The released Cu ions may lead to d i sorder i n  D A molecu les hel ical 
structure by i nteract ion of the ions w ith DNA molecu l es. 
Another proposed mechan i sm i s  the nano-effect where [ 37 ]  reported that the size 
of nano copper ox ide p lays an important ro le on the tox ic i ty and therefore. on the 
d i s i nfect ion effic iency. The latest proposed mechan ism i s  the oxidative stress 
[40 ] ,  where reported that RO may be induced by CuO N Ps, depending on CuO 
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P d i  o lut ion rate, \\ h re RO may cause damage to bacteria ce l l  structure .  
I lo\\ e\ er. the  mechani m \\ as appl ied to  E.coli bacteria on ly [40 ) .  
Ca rbon Nano T u be (CNT ) :  Carbon nanotube are very th in .  hol low cy l i nder 
made of carbon atoms. They are about 1 0.000 t imes th inner than human hair .  
Carbon nanotube are produced us ing var ious thermal processes to str ip carbon 
atoms from carbon-bear ing materials and use them to form a hexagona l network 
of carbon atom that is ro l l s  up into a cy l i nder, or tube .  
Carbon nanotubes, a nev. form of  carbon are attract ing great research i nterest due 
to  the i r  e cept iona l  adsorpt ion and mechan ical  propeli ies and un ique e lectrical 
propert} . h igh ly chem ical stab i l ity and large spec i fic surface area main ly because 
of their extremely smal l  izes, un i form pore d istri but ion and large spec i fic surface 
area [4 1 ] .Carbon nanotubes adsorption technology has the potent ia l  to remove 
bacter ia l  pathogens, natural organ i c  matter ( OM), and cyanobacterial tox ins 
from water system .  Un l i ke many m icro-porous adsorbents, CNTs possess fibrous 
shape with h igh aspect rat i o, large accessi ble external surface area and wel l 
developed mesoporose, a l l  contribute to the uperior removal capacit ies of these 
macromolecu lar b iomolecu les and microorganisms.  
Carbon nanotubes are ho l low graph i t ic  layers ro l led up into cy l i nders. There are 
everal types of carbon nanotubes but two types are prom inent. These are 
mu lt iwal led carbon nanotubes and s ing le wal led carbon nanotubes. Carbon 
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nanotube po e pec ia l  mechan ical ,  e lectr ical and structural propert ie and 
the) hav e been xploi ted G r use in e lectronics bio en ing and chem ical ensing. 
Their large urface area makes them an ideal adsorbent .  Carbon nanotubes have 
been funct ional ized " ith cerium d ioxide hydroxyl ,  pho phate funct ional groups 
to remove Ilea\ metal and organics from water [4 1 ] . 
P roperties of  CNTs: arbon nanotubes form aggregated pores due to the 
entanglement of ten and hundreds of ind iv idual tubes that are adhered to each 
other a a re u l t  of  van der Waals  forces of attract ion.  The aggregated pores have 
the d imensions  of a me opore or h igher and are able to prov ide large external 
urface areas that can immob i l ize large b io logical contam inants inc lud i ng 
bacteria and v i ruses. I n  CNTs adsorption can occur at four  regions i n  CNTs, at 
hol lo\\ i nter iors of  nanotubes they are open ended at i nter t i t ia l  pore spaces 
bet\\ een the tube bund les, at groves present at the boundary of nanotube bundles 
or at the externa l  surface of the outermost C Ts. At the grove edges of  nanotube 
bund les and the external surface area of outermost nanotubes are potent ia l  
adsorpt ion s i tes and prov ide large pore spaces that we l l  be fu l l y  u t i l ized by 
microorganisms .  Thus with respect to adsorpt ion of bio logical  contam inants on 
C Ts, access ib le  externa l surface area and presence of aggregated pores with 
volumes greater than mesopore are considered impo rtant [42 ] .  
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y 10tox ic  nature f T pia) an ind i rect ro le in  impro ing the m icrobial 
orpt ion e ffic i  nc) becau e T offers imu l taneous capture and deacti ation of 
pathogen . n t im icrobial effect of CT s is due to its fibrous shape. Th in  fibers of 
T impinge ba terial cel l urface di rupt the i ntrace l l u l ar metabo l ic pathv. ays 
and ub equent ly, the internal content are relea ed due to the ce l l  rupture caused 
by ox idative stre after impingement. I t  \ a i n it i a l ly though that the metal 
impurit ies (com ing from catalyst source dur ing ynthes is )  are responsib le for 
C) tox ic i t) . Ho\\ e er later it was establ i shed that physiochem ical propert ies 
great l y  i nfluence the cytotoxic nature of CNTs. The s ize and length of the tubes 
d i spers iv ity impurity content and number of layers ( s ing le  or mu l t i  \\ al led) are 
ident i fied to i nfluence the cytotoxic propert ies [42 ] .  
T h e  toxicity mecha n isms of  CNTs aga inst bacteria : I n  general ,  s ing le wal led 
carbon nanotubes ( WNTs), due to the ir  short length are ab le to eas i l y  penetrate 
through the ce l l  membrane and d isplay h igher ce l l  tox ic ity than mu lt i  wal led 
nanotubes ( M WNTs). But d ispers iv i ty of CNTs i s  a more important parameter 
than length .  H igh ly  d ispersed C Ts fac i l i tate greater ce l l  contact and thus the rate 
of lys ing of ce l l s  is h igh .  The sem i-dispers ib le and part i a l l y  hydrophob ic C Ts 
exh ib i t  greater affini t  to\\ ards bacteria than both completely d ispersed or weak ly  
d i spersed C Ts .  Therefore, the  capture and prec ip i tat ion effic iency of bacteria 
depends on the balance between adequate d ispensab i l i ty and aggregat ion acti ity 
of C Ts which in  turn a funct ion of its d iameter [42] .  
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Bacterial ad orpt ion on C T i characterized b) ha ing three un ique feature . 
F i r  t l } , m i c robial ad rpt i n capac ity on C Ts 0 far reported is h i gher than any 
other commerc ia l ly  avai lable adsorbent med ia .  econd ly, CNTs express select i e 
ad orpt ion of bacteria, a feature which i not genera l l y  seen in  other adsorbent . 
F ina l l) , ad orpt ion k inet ic of bacteria on C Ts i s  a lmost instantaneous 
ugge t ing the i r  u i n  appl icat ions such as pathogen sensors, where it is des i red 
to rapid ly concentrate the target contam inant [42 ] .  
R e  earch has shown carbon nanotubes have a strong abi l it to adsorb many types 
of chemica l  and m icrobia l  contaminants. Adsorpt ion is  one of the s implest 
techn iques that can be used for removal of biological contaminants from raw 
dr ink ing ater. Majority of adsorbent med ia  used in  water treatment app l icat ions 
are m ic roporous in  nature . In spi te of their large surface areas, these m icroporous 
med ia  regi ster low effic iencies in concentrat ing microbes s imp ly because the pore 
urface area not accessible by them. On the other hand C Ts have 
except ional l y  h i gh bacterial adsorpt ion capac i t ies .  The u ll lque propert ies of 
carbon nanotubes ou ld a l low water molecu les to pass through the i nterior of the 
cy l i nders wh i l e  chem ical and m ic robial contam inants cou ld not. Th is  is fi ltrat ion 
process ca l led s ize exc l usion . Th is  cou ld be accompl i shed at a h igher rate of novv 
\\ i th ery l itt l e  energy (pressu re) i nput to push the water through the nanotubes­
thus a big advantage over current membrane technologies [43 ] .  
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nt im icrobial  pr pert ie and the effic ient remova l  of bacter ia l  from contam inated 
\\ ater ha e al 0 been demon trated . tudy [44 ] ,  demonstrated that a W T 
Bud.) -paper wa effect i e i n  completely reta in ing E. coli ce l l s  due to Ize 
ex lu ion and al 0 exhib ited e:-.ceptiona l ly  h i gh removal of the model  v i rus M 2 
ba teriophage due to depth fi ltrat ion .  Furthermore the W T Buck -paper 
promoted the i nact i  ation of E.coli ce l l  which was attri buted to ce l l  membrane 
damage on d i rect contact with WNT aggregates [44 ] .  
u rpris ing l ) .  the effect o f  C T s  o n  bacteria and v i ruses has not rece ived 
part i cu lar attent ion, probab ly  due to the d i fficu l ty of d i  pers ing C Ts in water 
[ 34 ] .The ant im icrobia l  act iv i ty of C Ts requ i res d i rect contact bet\\ een CNTs 
and the target m ic roorgan i  m .  Because C Ts are h igh l  hydrophobic materials, 
th i  finding sugge ts that the suspension of nano-funct iona l ized CNTs in  \ ater is 
yer) d i fficu l t  and does not prov ide enough C T-m icrobe contact for d i s i nfection 
[44 ] .  
Removal o f  E. coli bacteria us ing SWCNTs interact ion \0\ i th m ic rowa e rad iation 
\\ as e \ a l uated [ 45 ]  and the main resu l ts are as fo l low : 
• A low remova l (3 -5%) of E.coli bacteria was observed when C Ts alone 
were used, i nd icat ing that the CNTs a lone do not cause bacteria l  death . 
• A h i gh removal of E.coli bacteria was obta i ned when m ic rowave rad iation 
was used . 
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• Imo t complete removal of E.coli bacteria  ( 1 00%) was obta ined using 
C T 1 8 
T funct ional ized \\ i th carbon- 1 8  functional groups \ i th m icrowave rad iat ion 
g neral l )  showed the h ighe t antibacterial act i  i ty \; hen compared v. i th non­
fun t ional ized carbon nanotube interact i ng  with m ic row ave radiat ion and 
m ic ro\;\ ave rad iation \\ i thout a carbon source. Th is s ign i ficant result were 
obta ined due to mu l t ip le  cha in of C I8 (C-C bonds) ,  which increased the 
absorpt ion rate of the microwave heat . As an inl10vative appl ication, the 
combination of microwaves with modi fied and unmodified CNTs appears 
to be prom ising and can complement the current ly employed disinfection 
methods [45 ) .  
In  another study, the use of CNTs i n  removal of bacterial pathogens, 
natural organic matter ( OM) and cyanobacterial toxins from water 
systems was reviewed [46] . This paper conc l udes that, the physiochem ical 
propert ies great ly  i nfluence the cytotoxic nature of C Ts. The s ize and the length 
of the tubes, d ispersi ity. impur ity content and number  of layers ( s ing le or mu lt i  
\'v a l led) are ident i fied to  i n fl uence the  cytotox ic  propert ies .  I t  i s  ev ident that 
bacterial toxic i ty is h igh in case of uncapped, de-bund led, short l ength and h igh ly 
d i spersed M W  Ts.  I n  general .  s ing le wal led carbon nanotubes ( SWNTs). due to 
the ir  short l ength are able to eas i l y  penetrate through the ce l l  membrane and 
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d i  p ia) h i gher ce l l  to:-. ic it) than mu lt i  wal led carbon nanotube . But d isper i it) 
of T i s  a m re important parameter than length .  H igh di per ed C T 
fac i l itate greater ce l l  contact and thu the rate of I) s ing of cel l s  is h igh .  
T are character ized by select ive ad orption of bacter ia .  This is  conformed 
from pure and m ixed cu l ture stud ies us ing Staphylococcus allreus and E.coli 
pathogens at d i fferent concentrat ions on pr ist ine S WN Ts. Based on that study , i t  
appears that :  
,. orption capac i ty of S. aw·ells i s  100 t ime greater than E. coli suggest ing a 
s ize dependent and adsorption s im i lar to others but wi th large magn itude 
of d i fference.  
,. C Ts can select ively concentrate one bacter ium over the other. 
,. In add i t ion to h igh sorpt ion capac i t ies adsorption of bacteria on WNT 
also characterized by hav ing extremely rap id k i net ic rates. 
The adsorpt ion k i net i c  rates of B.subtilis, s'aureua and E.coli at concentrat ion 
greater than 107 C FU/m I ,  suggest that more than 95% of the bacter ia in the 
solut ion are concentrated by S WNTs in a t ime between 5 and 30 min .  The 
enormous potent ia l  of C Ts. as represented by rap id k i net ics and high sorpt ion 
capac i t ies over a w ide range of bacteria [46 ] . 
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Ad o rption of  natu ral  o rga n ic matter (NO M ) :  
The ad orpt ion f OM on carbon surface is a funct ion of both the physica l 
propert ies of  the carbon mater ia l and chemical composit ion of OM.  Pre ence of 
micropore or me opore , pre ence of spec i fic functional groups on su rface and 
ha\ ing a net po i t ive harge on the adsorbent surface affect i ng  the OM removal 
are main I)  re pon ible that can d ictate the sorpt ion effect iveness of OM. 1n 
add it ion, the average ize of NOM and its chemical  composi t ion also p lay an 
important ro le [42 ] .  
A d  o rptioo of  c a nobacteria l toxi ns :  
The k i net ic of sorpt ion is  a lso rapid i n  CNTs because the  adsorbent molecu les 
need to d i ffuse from the bu lk  so l ut ion to external surface of the mesopores, where 
they face a m in i ma l  resi stance of d i ffus ion. 
Zin k  Oxide (ZoO) NPs: ZnO NPs can a lso serve as photo-catalysts. The 
ant im icrobia l  mechanism of ZnO nanopart ic les is  unc lear, but it has been 
postu lated that hyd rogen peroxide generated th rough photocata lys is p lays a 
pr imary ro le .  ZnO nanopart ic les a lso i nh ib i t  m ic robial growth by ce l l  membrane 
damage and in t race l l u lar accumu lat ion [47 ] .  
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ano tru tu red z i nc Oxide \va i l1\ e l igated in  \\ ater t reatment by gro\\ n ZnO 
nanorod in a \\ ide \ ariety of membranes made from polyethylene, 
pol) propylene, gla s, meta l ,  ce l l u lose based materials l i ke paper [48 ] .  The 
author found that the inact ivation efficiencie for both E.coli and staphylococcus 
ollreII \' i n  aqueou matrix by ZnO under i l l um i nated cond i t ions were almo t 
double that under dark cond it ions. fnactivation in  the dark was attr ibuted to the 
bacteric idal effect of Zn2+ ions, wh i le under i l l um inated cond it ions the 
inacti at ion i s  a i le iated due to photocatalyt ic e lectron injection process. The Zn 
ion released through d i ssol ut ion binds to the tip of p i l i  of bacteria and prolong 
the lag pha e of the bacterial gro'v'1h cyc le thereby checki ng reproduct ion. trong 
rad ical  generated through photocatal sis can d isrupt bacterial ce l l  \ a l l  c reat ing 
permanent damage. T n  th i s  stud , the water pur i fier was tested on tw o model 
bacteria E colf and S aureus. Up to 99% E coli and S al/reus in spiked water 
conta in ing about 1 0,, 1 0 colony form ing un i ts of bacter ia ce l l s  cou ld be 
immobi l ized under sun l ight, wh i le under room l ight ing cond i t ions. 80% of E.coli 
and 59 % of S aureus ce l l  could be inactivated . Two mechanisms come p lay 
roles in  the anti bacter ia l  act iv ity of the ZnO and the format ion of react ive oxygen 
species ( RO ) through photo-catalysis [49 ] .  
Another stud [ 50 ]  reported that, E.coli removal effic iency of the ZnOfUV 
process \vas approximate ly 45% better than that of U V  alone because of the 
photocat lytic e ffect .  They a lso found that, Photocatalyt ic removal of E coli 
increased wi th  increased amount of loaded ZnO due to the increased adsorpt ion 
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ite on ZnO a \\ e l l  a the increa ed generat ion of free e lectrons in  the 
conduct i  n band .  Ma. imum di  i nfect ion of E.CO!I wa ob er ed at neutral pH 
becau e of the reduced photocata lyt ic acti ity of ZnO at low and h i gh pH val ue 
due to e i ther ac id i c/photochemica l corrosion of the catal y  t and or surface 
pa i vat ion with Zn(OHh Rate of E.coli removal decreased as i n it ia l  E. coli 
ncentrat ion increased . The presumed reason is that \",hen the in i t ia l  E. coli 
concentrat ion increased, E.coli molecu les obstructed the impact of UV irrad iation 
from reach ing the surface of ZnO. 
Si l icon Dioxide N Ps :  Nano i02 has the feature of ma l l  part ic l e  ize. narro\\ 
part ic le  s ize d i  tr ibut ion, porous large surface area and owns a large number of 
hydro. ) I group and un  aturated res idual  bonds on its surface and shows h igh 
reflect iv i ty to long wave. v i s ib le l ight and u lt raviolet ray [ 5 1 ] . 
The tox ic ity of i02 may be related to the mechan isms by \ h i ch  the part ic les act 
on the cel l s. It is documented that these part ic les are photosens i t i  e and produce 
react i  e oxygen spec ies ( ROS) in  the presence of l ight [ 52 ] .  
i lver nanopart ic les in la id Fe304-S i02 magnet ic compo ite ( Fe304-S i02-Ag) was 
in est igated in water d i s infection [ 5 3 ] .  In th i s  study, s i l ver nanopart ic les with 
d iameter of about 1 0nm,  were anchored homogeneous ly and t ight ly onto the 
s i l ica coat of Fe304- i02 magnet ic nanopart i c l es, wh ich  increased the 
ant i bacterial ab i l i t ies by avoid ing the aggregat ion of Ag nanopart ic les .  The 
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min imum inh ib i tor) concentrat ions of Fe304- i02- g magnet ic compo ite to 
E.eoli and Sfaphyfoeo ell ' allreu were 1 5 .625 m g/L and 3 1 .25  mg/L 
r pecth e ly, and the m i n imum bacteric idal concentrat ions were 250 mg/L and 
-OOmg/L re pe ti e l) . In inact ivation experiment, 1 5  mg/L of FeJ04- i02-Ag 
di i n fectant in 1 50 m l  of normal sal ine o lut ion cou ld k i l l  99 .9% of the tested 
bacteria \\ i th in  60 m i n .  The i l ica coat not only acted as a support ing matrix, but 
a l  0 enhanced the tab i l it of the d i s infectant. 
nother stud) [ 54 ]  reported that; h igh concentrat ion of i02 was requ i red to 
ach ieve a reduct ion i n  ce l l  growth .  Add it ion of S i02 at 5000 ppm resu l ted in 99% 
gro\\ th  reduct ion of B. IIbtili . \\ h i le E. coli was les suscept ib le to the effect of 
i02 \\ ith 5000ppm achieving on ly  48% growth reduct ion . A lthough anti bacteria l  
acth i t} increased \\ i th do e the two bacterial spec ies behaved d i fferent ly upon 
exposure to the same leve l s  of nanopart i c le suspen ions. In th i s  study they a lso 
report that� ce l l  grow th i nh ib it ion with i02 "" as s im i lar under both dark and l i ght 
condit ion, ind icat i ng that l ight had an ins ign i ficant effect in increas ing the 
tox ic ity of S i02. 
Magne i u m  Oxide ( MgO) N Ps :  The ant i bacterial act i  i ty of metal m.ide 
appeared on the surface . Act ive superoxide ions are generated on the surface of 
the ox ide. wh ich  can react w ith the peptide l i nkages in  the ce l l  wal l  of bacteria 
and thus d i srupt them . The bacteria l  action of MgO may resu lts from attack of 
the e superoxide ions on carbonyl group in the pept ide l i nkages, lead ing to 
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d gradat ion of the prote i n  . the urface area of the part i c le increase . it lead 
to an increa e of the O2 concentration in so lut ion of the ce l l  v a l l  o f  bacter ia .  
Due to very h i gh u rface energy of nanopart i c l e  . the aggregation becomes verI 
igni ficant due to i nterpart ic le interact ion from van Der Wal l ' s, e lectrostat ic 
for e .  Consequent I) . the interaction betvv een o. ide part i c le and bacter ium is 
reduced and the bacteric idal effic iency tends to be lower. 
A stud) [ 5 5 ]  reported that the nanopart ic les tend to form agglomerates i ns ide the 
bacteria l  ce l l .  The in t imate contact bet, een the ce l l  and the part i c l e  seems to be 
more important becau e metal oxide part i c le do not necessar i l y  have to enter the 
ce l l s .  
ano-M gO i s  a funct ional material that has been w ide ly used i n  various areas and 
recent ly it has been reported that MgO has a good bacter ic idal performance i n  
aqueous en i ronments [ 56 ] .  ano-MgO exh ib i ts h igh act iv i ty against bacteria, 
spores and v iruses because of its large surface area. 
The pos i t ive ly charged part ic les can i nteract strongly wi th  negat ive ly charged 
bacter ia .  Compared w ith T i02 s i lver, copper and other k inds of sol id bacter ic ides 
nano-M gO has the advantage of being prepared from read i ly avai lable and 
econom ical precursors and so lvents, and therefore has cons iderable potent ia l  as a 
sol id  bacter ic i da l  mater ia l  under s imp le cond it ions [ 36 ] .  
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comb ined y tem u I ng nano-MgO and nanofi ltration (NF )  membrane \\ a 
e tab l i  hed to pur if) pol l uted water [ 57 ] .The combined nano-MgO- F sy tern 
ould e ffi ient l )' remove man k inds of pol lutant in th i  study , i nc lud ing organic 
matter. n it rogen pec ie , hea y meta ls, su pended sol i d  and bacteria . 
In add it ion, nano MgO has good bacter ic idal  performance in  aqueous 
en i ronments due to the format ion of superoxide (0.2) anions on its surface. 
F Uithermore, increa ing the nano-MgO dosage cou ld not e levate the removal 
rat io of the po l lutants. but on ly  increase the Mg content of the effluent. Thus, 
0.0 -g L of nano-MgO may be a su itable dosage for 2,000 L of pol l uted water 
treatment [ 56 ] .  
Many researchers ha e pointed out that N F  separation was primari l y  caused by 
ize exc l us ion and e lectrostat ic  interactions. Unfortunate ly, membrane fou l ing is  
sti l l  a cr i t ica l  problem for efficient  commerc ia l i zat ion of N F  p lants, which resu lts 
in  flux dec l ine  with operat ing t ime.  Combined nano M gO-N F treatment system 
may offer s ign ificant potent ia l  advantages over approaches where e ither process 
is used alone. On one hand, the F membrane supply security. On the other hand, 
the rejected nano MgO can remove the pol l u tants rejected on the surface of the 
F membrane to s low down membrane fou l ing .  Nano MgO cou ld remove about 
20% of P I .  1 0  % of ammon ium.  95% of bacter ia and a l l  of Fe and Mn .  Except for 
adsorption, there were two poss ib le reasons for po l l utant removal by MgO 
nanopart ic les .  One explanat ion is that the exi stence of large amounts of OH-
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" h ich \\ ere generated in  the reaction between MgO and \ ater could enhance the 
o:\id izat ion f uperoxide (0-2) anion . The other is  that the pos i t i  e electro tat ic  
urface charge of the formed Mg (OH)2 enabled the nanopart ic les to act as a 
Po\\ erfu l  and effic ient coagu lant [ 5 7 ] .  
1 1 . 1 1 Removal of Nanopa rt icIes from Treated Waters 
The grow ing use and appl icat ion of engineered nanopart ic les 111 a var iety of 
industr ia l  product and their potent ia l  for wastewater pur ificat ion and dr ink ing 
\ \  ater treatment raise the question how the e nanopart ic les can be remo ed in the 
urban \\ ater cyc le .  
COl1 \ ent ional methods for the  removal of part i cu late matter dur ing wastewater 
treatment inc l ude edimentation and fi ltrat ion . However. due to the smal l size of 
nanopart i c les, the sed imentation ve loc it i es are re lat ive ly low and a sign ificant 
edimentation w i l l  not occur as long as there is  no formation of larger aggregates 
or floccu lants are not added. 
The stab i l i ty of nanopart i c le d ispersions depends on the propert ies of the 
surroundi ng sol ut ion, name ly pH and ion ic strength which i nfluence the surface 
charge of the part i c l es and thus the repu ls ive forces between them . FU11hermore, 
the tabi l ity can be increased by surface mod ificat ions of the part ic les (due to 
sorption of molecules) .  For example, an increas ing ion ic strength of nanopart i c les 
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olut i  n lead to a reduction of zeta potent ia l  and a decrea ed th ickne s of the 
d i ffu e part of the e lectrical double la er. The solut ion becomes unstable and the 
pali i c le agglomerate. 
The i nfluence of orpt ion on the d ispers ive behav ior of nanopart ic les is al a 
ut i l i zed i n  man) industr ia l  appl icat ions. I n  many commerc ial nanopart ic les. 
suspen ions surfactants are used to obta in  stable d ispers ions .  This m ight have a 
tr ing of en ironmental impacts. I f  the surfactant-nanopart i c le  bonds are strong 
enough to pers ist in \Va tewater and the aqueous en i ronment, an inh ibit ion of the 
agg lomerat ion hould be the can equence lead ing to a very l im i ted edimentat ion 
dur ing \\ aste\\ ater t reatment and enhanced groundwater mob i l ity. 
Only fev. stud ies have invest igated the influence of coagulants on the aggregat ion 
beha\ iour of nanopart ic les .  In conventional W WTPs, various coagu lants such as 
a lum i n i um su lphate. a lumin ium hydroxide, polysterene su lphate, i ron ch loride or 
negat ive l) and pos i t ive ly charged polymers are used for the removal of 
uspended matter. A study [49 ] ,  i nvest igated the i nfluence of polyalumun ium 
ch loride ( PAC I )  add it ion as a coagulant on the removal of nanopart i c le from an 
aqueous solut ion.  E ven h igh concentrat ions of the coagu lants ( l O A mg/L as AI )  
) ie lded an i )  a sma l l  reduct ion of the  s i lt density index (SD I )  from 65 to  27, 
i nd icat i ng that a s ign ificant proportion of part ic les rema ined i n  so l ut ion .  
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lum i n iurn u lphate (a lum) was tested as potent ia l  coagu lant and the influence of 
h igh e leClrol}te on entrati n \Vas a lso invest igated i n  remo al of  commerc ia l  
nan part ic les (Ti02, Fe203, ZnO, iO and i02 ) [ 5 8 ] .  At an alum do age of 20 
mg/L.  20-80 % of commerc ia l  nanopalt ic les (Ti02, Fe203. ZnO, iO and i02) 
\\ ere removed in nan pure \-\ ater and tap water by sed imentat ions ( fo l lo\ ing 
coagu lat ion-floccu lat ion ) .  A further increase of the coagu lant concentrat ions up 
to 60 mg/L d id not enhance remo a l  of nanopart ic les .  
reduction of the zeta potential be low 1 0 m V \- as observed for a l l  investigated 
nanopart i c les when the ionic strength was i ncrea ed up to 1 0  mg/L (us ing 
gCb) .  everthe les , 8 h  and 30 m in ,  on ly  23-30% and 40-70% of the 
nanopart ic les were removed . Common technolog ies such as floccu lation m ight be 
inappropriate to remove engineered nanopart ic les from water i nd icat ing the need 
of find ing ne' techn ical solut ions. 
everal organ ic nanopart ic les exh ib i t  strong hydrophobic properties ( logKow> 6) .  
Therefore, i t  i s  l i ke ly  that these part i c les are removed from the water phase by 
sorb ing to suspended sol ids a long as they are not biodegraded. Howe er, carbon 
nanomater ia ls such as C Ts can undergo env i ronmental degradat ion, when 
exposed to l ight y ie ld i ng to a modi ficat ion of the surface and the introduct ion of 
h} droxyl groups in the molecu le .  Due to the enhanced polarity caused by the 
functional groups the sorpt ion affin ity to suspended so l ids is  reduced and 
mobi l ity is increased . 
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E lectrocoagulat ion ha been app l ied for remo al of fi ne d i  per ed part ic le from 
" ari II t) pe of \" a tewater. Th i techn ique i ba ed on the cont inuous relea e of 
metal ion into the o lut ion by anod ic e lectrode , t p ica l ly  made of i ron and 
a lum inum . The e meta l ion form hydrox ides v h ich  are capable of destab i l iz ing 
the part i c le i n  d isper ion .  However, e lectrocoagulat ion strongly depends on the 
t. pe of the nanopart ic le  and the e lectric conduct i v ity of the suspens ion .  The 
magnet i c  propert ie of nanopart ic les such as hematite can be u t i l ized for their 
removal \ hen appl ing a magnet ic field .  However, th is  techn ique can also be 
employed for nano-magnatic part i c les such as i02 v ia  magnet ic seed ing 
aggregat ion .  H emat i te and i l ica part ic les are oppos itel charged and thu , 
aggregat ion can occur enabl ing both to be removed together from solut ion with 
magnet i c  fields [ 59 ] . 
1 1.1 2 Fixation Methods 
1eta l and metal oxide nanopart ic les can be used in dr ink ing water d i s infect ion 
in d i fferent appl icat ion method, they can be appl ied as free nanopart ic les 
suspended i n  aqueous so lut ion.  or they can be fixed i n  d i fferent forms of 
matrixes. t i l ization of spec ific nanopart ic les e i ther embedded in membranes or 
on other structura l  med ia  that can effect ive ly, i nexpens ive ly d i s i nfect dr ink ing 
\\ ater: has been i nvest igated in  d i fferent stud ies .  
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The tab i l i zat ion and immobi l izat ion of metal l ic nanopart ic les in  d i fferent 
matrixe ha gained increa ed importance since uch nanopart ic les purported ly 
pre ent h i gh ant i bacter ia l  act iv ity, low to i c i ty, chemical stab i l ity, a long- last ing 
act ion period, and thermal res i stance [60 ] .  
anopart i c l e  fixat ion could b e  b : 
I .  Bound Ps to the surface of another sol id structure 
2. Compo ite 
3. Coat ing 
4. Thin fi lms  
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Table  1 1 . 3 :  Sum mary o f d i ffcrent fixat ion method s  and the i r  app l icat ion i n  dr ink ing  water d i s i n fect ion 
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Fixat ion  proced u re onclusion 
Son et al .  (2004) prepared u l trafi ne cel l ulose acetate (CA) The CA fibers with embedded Ag 
fibers by d i rect e lectrospinn ing of a CA sol ut ion with 0.05 nanopart ic les (average d iameters 1 5 .4 
wt . % AgN03, fol lowed by UV i rradiation nm) were reported to be effect ive bioc ides 
photoreduction. against Gram-posit ive (S uureus) and 
Gram-negat ive (£. coli, Klebsiella 
pneumoniae, and P aeruginosa) bacteria. 
Commerc ia l ly avai lable act ivated carbon Support has 
been used for s i l ver-copper catalysts. S i l ver and copper 
are supported on act ivated carbon by impregnation 
method. Cu ( NO' )2 .3  H20 and AgN03 ( Mis. Loba 
Chemie, I nd ia) are t he metal precursors used for copper 
and s i l ver respecti vely .  The catalysts were prepared with 
varied compos it ion of s i l ver and copper taking increments 
of one metal and decrements of other metal by 0.25% by 
weight. Requisite amount of Ag and Cu salts are d issolved 
in water and the support has been d ipped in th is solut ion 
fol lowed by heat ing to remove excess water. The resultant 
mass was dri ed in the oven for 1 2  hoW's. The samples 
were subjected to ca lc inat ion in the flow of n i t rogen 
( 30cm3min- l )  at 673 K for 4 hours. 
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Both Ag and Cu catalysts are known to 
possess good ant i-bacterial act iv i ty 
However in the present invest igation, the 
catalytic act ivi ty of OAg- 1 CuJC catalyst is 
better compared to that of I Ag-OCuJC 
catalyst. This is due to the smal ler part ic le  
s ize of Cu compared to the s i lver part ic le  
size. No Cu part ic le i s  vis ible in the TEM 
picture of OAg- 1 Cu/C catalyst, i nd icating 
that Cu part ic le  s ize is very sma l l .  On the 
other hand, Ag part ic le size in I Ag-OCuJC 
catalyst is i n  the range of SOnm. XRD and 
TEM data supports th is evidence. The 
data of quantitat ive analysis of 
microorganisms present in the water 
samples after treat i ng with Ag-Cu 
catalysts c learly ind icates the highly 
e fficient nature ofO .SAg- O.SCuJC 
cata lyst towards contro l l i ng t he 
\ pp lied 
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T h i n  film n a n ocom posite ( T P N )  mem bra nes 
Development of TFN membranes mainly focuses on 
i ncorporating nanomaterials into the act ive layer of th in  
fi l m  composi te (TFC) membranes via doping in the 
casting so l ut ions or surface mod i ficat ion. Nanomaterials 
that have been researched for such appl ications inc lude 
nano-zeo l i tes, nano-Ag, nano-Ti02, and CNTs. The 
impact of  nanopart icles on membrane permeab i l ity and 
select iv i ty depends on the type, s ize and amount of 
nanoparticles added . 
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microorgan ism. The raw water, i .e., 
without a tested catalysthas shown the 
presence of large number of bacterial  
colonies. 
CNTs ( unal igned) found their appl ication 
in TFN membranes due to their  
antim icrobial act iv i t ies.  Ti raferri et  aL 
covalently bonded SWNTs to a TF 
membrane surface. This approach is 
advantageous as i t  uses relat ively smal l 
amount of the nanomaterial and 
min imizes perturbation of the act ive layer .  
The resul t ing TFN membrane exhibited 
moderate anti -bacterial properties (60% 
inact ivation of bacteria attached on the 
membrane surface in I h contact t i me), 
potent ia l ly reduci ng or delay ing 













1 - Pr'cpa ra t ion of si lver n a n opartic lc/gra phcnc oxide Anti  bacterial act iv i ty was tested uSing 
com posite suspension Escherichia coli and StaphylococclIs 
S i l ver nitrate was used as the salt precursor, hydroquinone uureu.\' as model stralnS of Gram negat ive 
as the reductant. and ci trate as the stabi l i zer. Graph i te and Gram pos i t ive bacteria, respect ive ly .  
ox ide powder ( 30  mg) was d ispersed i n  the c i trate buffer The as-prepared composites exhibit 
sol ut ion ( 1 5  mL) by son ication tor 2 h to form a stable stronger antibacterial act iv i ty Agai nst 
GO col lo id solution. S i l ver n i trate aqueous sol ut ion ( 1 0 both. The Ag NP/GO composi tes 
mM. 1 5  mL) was then added i nto the solution under performed efficiently i n  bringing down 
st i rring. I lydroquinone was d issolved in the c i trate buffer the count of E. coli from 1 06 cfulMI to 
so l ut ion to form a 20 mg/mL sol ution. The hydroquinone zero with 45 mg/L GO in water. The 
sol ut ion was mixed with the GO and s i l ver-contai n ing micron-scale GO nanosheets ( lateral size) 
sol ut ion .  The fi nal mixture was left undisturbed at room enable them to be eas i ly  deposited on I-Q) on 
temperature lor 75 min .  The s l urry-l ike product was porous ceramic membranesdur ing water � Q) .... � on centr i fuged and washed wi th water repeatedly to remove fi l tration; mak ing them a promis ing 0 Of) - Q.. excess reagents. b iocidal material for water d is infection.  c E .:.L. 0 C U .;: 2- P repa ra t ion of paper-l ike m aterials 0 
The Ag N P/GO composi te paper was fabricated usi ng tbe 
prepared Ag NP/GO stock suspension under vacuum 
fi l trat ion-i nduced d i rectional flow. The obtained Ag 
NP/GO composite suspension was s lowly fi ltered through 
a cel lu lose acetate membrane (47 mm in d iameter, 0.22 1m  
pore s ize) .  GO sheets were then assembled into a paper-
l ike material under d i rect ional flow. The fi l ms were a ir  
dried. peeled off the membrane, and cut i nto the desired 
shape for the ant ibacteria l  tests. For the blank control 
experiment. GO paper was prepared in a s im i lar method 
as Ag N P/GO paper. 
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Some t i tanium d iox ide nanopart ic lcs were so smal l  that In this study, the prepared Ti02 
they were d i rficult  to separate from the solution. Even photocatalyst was immobi l ized on carbon 
after centri fugat ion for some t ime, t he nanopa1 ic les did nanofibres to a l low isolat ion and reuse of 
not sett le 95 down. To overcome this problem, polymer catalyst. The photocatalyt ic activ i ty of the 
powder was added to the sol so that the polymer became catalyst was tested usi ng methyl orange as 
coated wi th the nanopart icles. A fter the gelation process, a model pol l utant and was based on the 
PAN (2 g) was added fol l owed by centri fLlgat ion and decolourization of the dye as i t  was .... (l) 
washing several t imes with water and anhydrous ethano l .  degraded. The doped Ti02 exh ibi ted � :?; 
Washing wi th ethanol helped to prevent agglomerat ion higher photocatalytic act iv i ty than the E 
between the prec ip itates The PAN/Ti(OH)4 complex was undoped Ti02 IJ) I ('j 
then a ir  dried. The above procedure was repeated at 25 � 
0c, 40 °C, 80 °C and 1 20 °C. At each of the above 
temperatures the precursor concentrations were also 
varied and 1 .3 M ,  0.784 1 M ,  0.392 M and 0.0492 M were 
used. The ratio  of water to ethanol was varied so as to 
keep the percentage of water which brings about 
hydrolys is the same in a l l  experi ments. 
\ 5 .00 g of CuS04 .5 H20 with 2 .34g o f TOA B CuO-TOAB stab i l ized NPs showed 
( Tetraoctylaml110n ium bromide) surfactant d issol ved in higher antibacterial act iv i ty more than 
1 50 mL of d ist i l led water in 250 mL round-bottom flask that without TOA B surfactant, where i t  d:i 
i nstal led with condenser heated at about 65, 75 and 85 °C was less than 1 00 and 1 000 J..lg/ml for � � 
separately  to produce di fferent NPs s ize, after 1 5  min  o f  CuO N P s  with and without TOA B (\) 
+-' 
heat ing and shak ing at 1 50 rpm, 1 00 mL o f  2 M  sod ium surfactant, respectively. IJ) ('j 
hydroxide as reduc i ng agent rapid ly added to the so lution, � 
black prec ip i tate was formed, the black prec ip itate was 
col lected, washed with dist i l led water and then dried. 
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C hapter III 
MATRE IA LS AND M ET HODS 
1 1 1.1 I ntroduction 
The objecti e of th i  tudy was to d i rect ly  app l  the nanopart ic les i n  w ater for 
di i n fection of desa l i nated water i n  UAE w ithout us ing any matrix or  supports for 
the P so that they can be easi ly adopted tov ard any ppt-treatment system . The 
major parameter re lated to the considered NPs (s ize morphology, the contact t ime, 
and do age) were determ ined so the can appl ied in pract ice .  
Ps \\ ere fi rst app l ied to  ster i l ized tap \ ater p i ked with four types of bacteria 
,\ h ich are common l found and usua l ly  tested in  dri nk ing water. The e are 
Escherichia. coli, Enterobacter aerogenes, Salmonella Typh imur ium,  and 
Enterococci Faecalis . D i fferent contact t imes and dosages were tested to determ ine 
their opt imum values ach iev ing the best d is i nfection and removal of bacter ia .  I t  is 
\\- orth ment ion ing that the tested tap water is  or iginated from d i fferent sources of 
desal i nated water conveyed from Abu Dhabi and Fuja i ra c ity fe\ hundreds of 
meters away from A I-A in  C ity; the locat ion of undertaken lab v ork. The conve) ed 
,\- ater to A I -A in  underwent ch lori nation at the source and at other intermed iate 
locat ions a long its path to A I -A in .  Ster i l izat ion was undertaken to warrant no 
bacteria other than the spiked ones ex ist i n  the water. The resu Its were inspected a 
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guide l i ne  to ident i£)  u i table in i t ia l  dosage and contact t imes of N P  appl ied later 
to non- h lor inated d a l i nated water. The de a l i nated water cons idered later was 
al 0 te ted w i th t\ 0 condit ions; one after being steri l ized and spiked with spec ific  
bacteria and one a i s  \\ ithout steri l izat ion . 
I n  th i  hapter. the  nthesis methods of seven nanopart ic les used in  th i s  study are 
descr ibed . Then the morphology characterist ics of synthes ized N Ps are tested by 
Tran m i s  ion E lectron M icroscop (TEM) .  Then, the methods of chem ical and 
bacteriological characterizat ions of used water samples are presented. A lso the 
preparat ion method and used mater ia ls of d i fferent cu l ture med ia  u ed for the four 
t) pe of p iked bacteria are descr ibed . F ina l ly, the sp ik ing method of four types of 
bacteria in  the three used \ ater samples; tap water samples, pi ked M F w ater and 
piked RO water are presented along w ith the methods of a apply ing N Ps in the 
water. 
The objective of spik ing d i fferent bacteria in  tap \ ater was to establ i sh the su itab le 
condi t ions for app l ication of Ps  i n  water d i s infection for both M F (Mu lt i  Stage 
F la  h) v. ater samples and RO ( Reverse Osmos is )  water samples from UAE .  And 
because tap \-\ ater is free of any bacteria, most common tested bacteria in  dr ink ing  
\\- ater \\ ere selected for spik ing purpose, in  order to  evaluate the  ant im icrobial 
effic iency of synthes ized Ps in e l im inat ing these bacteria .  
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I n  \ i \\ of  the prey iou l i te rature , which ind icated that ,  the chem ical compo it ion 
of wat r an affect ant im ic robial e ffic ienc) of P [ 6 1 ] . 0 i n  order to  ev al uate the 
ant im icrobia l  effic iency of ynthesized NPs for each u ed bacteria, sp iked samples 
of M F water amples and RO \ ater were exam ined. F ina l ly, the synthesized P 
\\ ere a l so te ted in  natura l  \\ ater samples co l lected from M F p lant and RO plant 
after the de sal i nat ion and before ch lori nat ion to evaluate the effic iency of 
) nthe ized P in d i s i nfe t ion of raw water and to eval uate the poss ib i l i ty of us ing 
the e Ps i n  pract ice as avai lable alternat ive d i s i nfection technology i n  desa l i nat ion 
indu trie in  UAE .  
1 1 1 .2 Syn theses o f  Na noparticles 
Metal nanopart i c les can be prepared by chemica l  methods such as chem ical 
reduction and e lectrochem ical techn iques and physical methods such as 
condensation and laser ablation . I n  th i s  study chem ical reduction method was used 
in s) nthes iz ing a l l  the nanopart i c les .  To prevent undesi red oxidat ion of some 
nanopart i c les dur ing nanopart ic les preparat ion L-ascorb ic ac id was added . 
imp le, i nexpensive and quick chemical  methods for nanopart ic les synthesis is salt 
reduction method. This  is  the most common process for nanopart ic les synthesis, 
,,, here metal salts d i sso lve in a solvent s llch as a lcohol or water. Salt then 
d i ssoc iates to metal cations and non-metal anion . By add ing a reducing agent, the 
metal cat ions are reduced to zero-valent metal aggregate to form part ic les by 
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nuc leat ion and gro\\ th o  The part ic le  are tab i l ized bJ add ing  stab i l iz ing agent l ike 
itratc to prevent the nanopart i c le from non-desired aggregat ion, then the final 
nanopart ic le form prec ip itate. ize of the nanopart i c les can be control led by 
\ ar. ing pH .  temperature, so l ent type and reducing agent typ [ 5 1 ] . More deta i led 
de cr ipt ion of the ynthe i procedures for the N Ps considered in th i s  stud) are 
pre ented belo\\ . 
Ag Ps : 0 . 1 M of s i l  er n itrate i prepared us ing deion ized water and its so l ut ion is 
heated to 90 °C .  The heat ing is  undertaken under son icat ion fol l owed by dropw ise 
add i t ion  of sod i um hydroxide ( 8M)  unt i l  a brO\ n black prec ip i tate of s i l  er 
nanopart ic les is obta i ned. The solut ion is  centri fuged fol l owed by wash ing of the 
prec ip i tate five time \ i th deion ized water .  The obta ined nanopart ic les are freeze 
dried. To obta i n  the suspens ion of Ag nanopart i c le  , the req u i red amount of s i lver 
nanopart ic les is son icated in de ion ized \i ater conta i n ing sma l l  amounts of 1 % c itr ic 
ac id .  
Ag-Cu N Ps (70 :30) :  0 . 1 M of s i lver n itrate and 0 . 1 M of copper Su lphate 
pentahydrate are prepared U S Ing deion ized water . 70 m l  of 0 . 1 M s i lver n i trate 
solut ion and 30 m l  of 0 . 1 M copper su lphate solut ion are m ixed together and heated 
to 90 °C . The solut ion is heated under son ication fol lowed by drop w ise add it ion of 
2 M sod i um hydroxide unt i l  a brown b lack prec ip i tate of Ag-Cu (70 :30) 
nanopart ic les i s  obta ined. The solut ion is centri fuged fol lowed by wash ing of the 
prec ip itate five t imes with deionized water. The obtai ned nanopart i c les are freeze 
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dried. To obta in  the Sll pen ion of g nanopart ic le  , the requ i red amount of s i lver 
nanopart ic le  
ac id .  
on icated i n  deion ized \,vater conta in ing smal l amount of I % c i tric 
C u  P :  CuCb.2H�O ( inopharm Chem ica l  reagent Co, Ltd) aqueous o lut ion wa  
prepared b y  d i  o ly  i ng  CuCb.2H20 ( 1 0  mmol)  in  50 m l  deion ized ater. A fla k 
conta in ing CuCb.2 H20 aqueous so lut ion was heated to 80 °C in  an o i l  bath \ ith 
magnet ic t i lTing .  A - Oml  L -ascorbic ac id (S i nopharm chemica l  Reagent Co. ,Ltd) 
aqueou olut ion of  arious concentrat ions ( OA. 0.6, 0.8 and 1 .0M )  \ as drop\\ ise 
added into the flask \\ h i le st irr ing. The m ixture was kept at 80 °C unt i l  a dark 
solut ion \.\ as obta ined . The resu l t ing d ispers ion was centri fuged at 8000 rmp for 1 5  
m in .  L-ascorb ic ac id acted both as reduc ing agent and capp ing agent .  
CNT : The requ i red sample of C Ts (Nanolab, Inc ,  USA)  was suspended in the 
m ixture of concentrated n i tric ac id (65%) and su l furic ac id (95 -97%) by the volume 
rat io of  1 : 3 and boi l ed at 1 40 °C for 30 m in .  The chemica l l y  treated nanotubes \ ere 
\'\ ashed ,,: i th deion ized water unt i l  the supernatant atta i ned a pH around 7 and the 
sample \\ as dried in  a hot air oven at 1 00°C. The requ i red amount of modi fied 
C Ts is son icated in water to obtai n  the requ i red amount of mod i fied CNTs i s  
son icated in  water to obta in  CNTs suspension . 
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ZnO P :  1 A8 g of Zn (0 Ct.2H20 \\ as  d i  so l  ed i n  62 . 5  m l  of methanol ( F isher 
ient ific Inc )  and heated to 60 ° wh i le st i rr ing.  To th i  o l ut ion, 0 . 74 g of KOH 
di olved in 32 . 5  m l  of methanol v as added . After 3 -5  h rs, the react ion v as 
topped, and the fi nal product of a wh ite prec ip i tate was col lected, vv a hed 1'1 Ice 
u ing acetone ( igma-Aldr ich)  and dried at room temperature .  
Si02 N P :  F i rst, ethano l (99 .99%, A ldr ich) was taken and kept in a son icat ion bath .  
fter 1 0  min.  a known volume of Tetraethyl o rthos i l icate (99 .99%, Aldr ich) w as 
added \\ h i le son icat ing  and after 20 m in ,  28% ammon ium hydroxide (28%,Wako) 
\.\"a added as a catalyst to promote the condensat ion react ion . Son icat ion was 
ont i nued for a further 60 m in to get a wh i te turbid suspens ion . 
M gO N P :  1 2 . 30  g of Mg (N03) .6H20 (Mal l inckrodt Baker I nc ,  AC ) .. ere 
d issolved in 25 m l  of 99% ethylene g lycol solut ion ( BOH l nc» . 1 2 . 5  m l  of NaC03 
(2 .70 g) \\ as added i nto above m ixture under son icat ion (Sonicafier 450, Branson 
U ltrason ic  Corporat ion, U A ) .  A fter son i cat ion for 1 5  m in, the so lu t ion obtai ned 
\\ a kept at rest for about 5 hrs. Then it was fi l tered and washed us ing water and 
dr ied at 50 0c. F i na l l y, the samples were obtained under calc i nation . 
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I I I .3 T E M  C h a racteriza tion 
1 1 1 .3 . 1 ize and Morpholog of NP 
TEM i a p \\ rfu l  techn ique for the determ inat ion of part i c le size and morpho log 
The anal) i \\ a done on a eM I 0 P I-II U P  TEM i n  trument. I n  th i s  study, part ic le 
" ize determ i nat ion \\ a ba ed on d i rect measurement of the part ic les on the TEM 
image. The fo l lowing formu las were used to calcu late the s ize :  
ctual part ic le  s ize ( nm)  = ( ize of part i c le  in  m icrograph (mm)  * 1 06)/final 
mi rograph magni ficat ion .  
F ina l  magn ificat ion = the in  trument magn ification a t  \ h ich  the spec Imen was 
photographed * en larged magn ification of the negat ive . 
I I I .3 .2  Surface C h a rge of N Ps 
The anal) s i s  of surface charge for used Ps was done on Zetas izer Nano-series 
(Mah ern. UK )  instrument . 
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l i l A Characterizat ion of Te ted Water 
I I I A. 1 Chemical  cha racteri tic 
pH ,  EC and  TD A n a lysis: amp les of tap water, M F, and RO water were tested 
for pH, and TO . The PH te t wa conduct by pH meter Orion 4 1 0  A+. EC 
and TO \\ re te ted u i ng EC meter Therom Orion 1 50 .  
Ana l)' i of Cation : Measurements of Cat ions, such a s  Ca, K ,  a ,  and Mg were 
conducted u i ng  a F lam photometer CORN ING 4 1 0 , The lower detect ion l im it of 
the fo l lo\\ ed analysi \vas 0 .22 ppm . The instrument \V as first ca l ibrated us ing a 
al ibrat ion cur e con t ructed for every tested cation in  the range of 1 ppm to 1 00 
pplll ._ ea " ater amples were d i l uted 1 000 t imes for Na, Ca, and K determ inat ion 
and d i l uted 2 -0 t ime for Mg determ i nat ion . 
Analy i s  of  a n ion  : An ions i n  d i fferent water samples were determ inat ion by using 
1C -90 ( Oionex) Ion chromatograph system, AS9HCcolumn for oxyhal ids ( OBPs) 
and i norgan ic  anions .  The suppressor used i s  Dionex A M M S300 and carbonate 
anion is used as an e l uent anion measurements. 
tandard cal ibrat ion curve i s  con tructed for every anion inc luded w ith the us ing 
DIONEX seven an ions standard solut ions and for every tested l OBBs .  The 
detect ion l im it .  the l i near dynamic range ( LDR), low l im i t of  l i nearity ( LLOL) ,  h igh 
l im i t  of l i nearity ( L LOL )  and correct ion coeffic ient R2 for each anion are a l l  l i sted 
in Table  I l l . I .  
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Tab le I I ! .  1 : Determ inat ion l im i t, the l i near dynam ic range ( L DR) and correct ion 
coeffi ient ( r
2




l imi t  ( ppm) 
(LLOL)  ppm ( I I LO L )  ppm r-
Chloride 0.00 1 0 .05 1 00 0.998 1 
N itrate 0.004 0.04 20 0 .9926 
N itrite 0.00 1 0.04 20 0.9997 
Sulphate 0.00 1 0.05 1 00 0.9997 
Fluoride 0 .00 1 0.00 1 1 0  0.9992 
Phosphate 0. 1 0. 1 1 00 0 .9976 
Bromide 0.5 0.5 1 0  0.9986 
Bromate 0.005 0.005 I 
Ch lorate 0.005 0 .005 I 0.999 
Chlorite 0 .0 1 0  0.0 1 0  1 
Iodate 0.0 1 
The analysis invo lved sample fi lt rat ion then d i l ut ion to su itable range depending on 
conduct iv ity measurements ( less than 500I1s) .  For example, RO water was d i luted 
1 0  t imes to ach ieve that .  Then I m l  of water sample  is manua l ly  i njected in the 
instrument for ha lf  an hour to cover the chromatogram of a l l  target parameters. 
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1 1 1 .4 .2  Bacteriolog ical characteri t ic of te ted water 
F i l trat ion membrane method for bacteriological analysi \\ as conducted to detect 
and enumerate d i fferent types of bacteria in d i fferent water am p ies ( M F  ) and 
penn eat \\ ater amp le ( RO ample ) .  1 00 mL of w ater \V a fi l tered through a 0 .45 
)..1m membrane in  each te t and the whole te t was repeated th ree t imes ( repl icates) 
to a count for count variab i l i t  . 
For El1terococci isolat ion ,  the membrane conta in ing the bacteria ce l l s  was placed 
on a e lec t i \  e med ium,  m E l  agar, and incubated for 24 h at 3 7°C . A l l  colon ies with 
a b lue halo are recorded a Enterococci colonies .  
For E.coli I so lat ion ,  the  membrane conta in ing the bacteria ce l l s  i s  p laced on a 
e lect i \ e med ium,  E M B  agar, and incubated for 24 h at 44°C . A l l  co lon ies with a 
green metal l ic color are recorded as E. coli colonies .  
For Col i form Bacilli I so lat ion ,  the membrane conta in ing the bacteria ce l l s i s  
placed on a pad saturated with 2 m l  of M-E ndo broth M F, and incubated for 24 h at 
3 5°C. 
For Aerobic colony I o lat ion,  the membrane conta in ing the bacteria ce l l  i s  placed 
on a nutrient agar. and incubated for 24 h at 3 7°C . 
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For P eudomollos aerugino a I olat ion ,  the membrane onta in ing the bacteria 
ell i p laced on LED ( y t m Lactose E lectro lyte Defic ient) agar, and incubated 
for 24 h at 42° . 
For Sulphite reducing clo tridin I olat ion,  the membrane conta in ing the bacteria 
ce l l s  i p laced on Sulphite reducing cia tridia select ive agar media. and incubated 
for 24 h at 3]oC . 
1 1 1 .5  M icro-organ i  m and  Bacterial Cu l tu res Media 
For w ater d i s infect ion e per iments, the most common bacteria stra ins wh ich can 
contam inate dr ink ing " ater were determ ine .  These are : Escherichia. coli, 
Enterobacter aerogenes TPC I 29, Sall77onel1a Typh imur ium ATCC 1 4028. and, 
Enterococcus Faecali NCTC775,  were selected . 
Bacterial C u l t u re m ed i a :  Different selective med ia " ere prepared accord ing to the 
standard procedure. X L D  agar (F l uka analyt i ca l )  for Salmone l l a  bacter ium was 
prepared by d isso lv ing 56 .7  g in  1 l i tter d is t i l led \ ater and heat the so lut ion s l ightly 
\\ i thout autoc l ave . Then, coo l i ng to 60°C i t  was d istri buted to Patri -P lates and left 
for so l id ificat ion . 
E M B  agar ( F l uka analyt ica l )  for E. Coli bacter ium was prepared by suspend ing 
37 .5g in  1 l i ter of d isti l led water .  Th is  so lut ion then. ster i l i zed i n  autoc lave at 1 2 1 °C 
for 1 5  m i nutes .  Then, the med ium was coo led to 60°C and shak ing to oxid ize the 
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l11eth) lene b lue and to u pend the predicate. F ina l l ) . the med ia d i  tri buted in to 
Patr i -P lat and left for o l i d i fication. 
MacCon key agar ( IGM ) for Enterobacter bacter ium \-\ as prepared b) 
d i  oh ing 54 . - g in  to I l i ter d ist i l lated w ater. Th i o l ut ion then. ster i l ized in 
autoc \a\ e at 1 2 1 °C for 1 5  m inute . Then. the med ium \-\ as cooled to 60°C . F ina l ly, 
i t  di tr ibuted in to Patr i -P lates and left for so l id ificat ion .  
Kf-Streptococcu agar ( F l uka analyt ica l )  for enterococci bacteri um was prepared 
b) d i s  o lv ing the 76g to I l i ter in di t i l led water. Th i s  o lut ion then, ster i l i zed in  
autoc lave a t  1 2 1 °C for 1 0  m inutes. Then, it cooled to 50°C and I m l of 1 %  
tr iphenyltetrazol iu l11 ch loride so l ut ion was added. F i nal ly, it d i stributed i n  to Patr i ­
P late and left for sol i d i ficat ion . 
utr ient B roth (L  B M )  \\; as prepared by d i ssol ing 1 3  g i nto 1 00 ml  deion ized 
\', ater then a l lo\v s soaking for 1 0  m inutes. Then, it d ispended in to 1 0  bott les. 1 00ml  
in  each bott le .  F ina l l y. i t  ster i l ized by autoc la ing a t  1 2 1 °C for 1 5  m inutes. 
B roth C u l t u re :  Each bacter ium was cu lt ivated JI1 1 00m i nutrient broth and 
incubated at 3 7°e for 24 hrs. 
I I I .6 Sp iked experiment  with Tap Water :  
piked experiments were conducted for the three types of tested water ;  tap w ater, 
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\\ ater consider ing the tandard l im it for each metal i n  dr ink ing water regulated by 
W HO, and for d i fferent contact t ime as i l l ustrated in table f l l . 2  and I I 1 .3 .  
Table 1 1 1 . 2 :  Different contact t ime for d i fferent 1I ed  bacter ia .  
E coli Enterobacter Salmonella Enterococci 
Contact Time I 1 hour 30 minutes 30 minutes I hour 
Contact Time 2 2 hours I hour I hour 2 hours 
Table I I f . 3 :  D i fferent N Ps dose ( Il ll l  OOm J )  for d i fferent water samp les .  
Sta n dard Standard Spiked Tap \\ ater Spiked MSF \\ ater Spiked RO \, aIel' 
L i m i t  l imit  
\ I gil /lV l 00 m l  
c c c C Q 0 0 0 0 0 
� of E � � E � .� E 3: 0; E - .� E '3. � g  N � 8  ':: 0 N � g  � � 8  N " '" " c O '" '" ... '" ... - '" "' - '" "' - '" .., - V) ", - '" 0 "' :::. 0 ... :::. 0 "' :::. 0 .., :::. 0 ... :::. 0 
0 c ::t 0 = ::t 0 C ::I. 0 � ::t 0 C ::I. 0 0 0 0 e (." U U U 
0 1  1 1 0.053 2 0. 1 I 0.053 2 0. 1 I 0.053 2 
I 2 1 2 I 2 
:1 20 2 0.2 .j OA 1 0  I 20 2 1 0  1 20 
5 1 0  1 0  20 t o  20 
5 50 5 0.5 1 0  1 t o  1 20 2 1 0  I 20 
5 1 0  5 1 0  1 0  20 
50 500 5 0.5 1 0  1 1 0  I 20 2 1 0  I 20 
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p iking  Water am ple , i t h  4 bacteria t ra in  
Three e t  of \ ater ample ; Tap Water, M F water and RO water, \ ere ter i l ized 
and spiked \\ ith four  type of bacteria as per the fo l lowing procedures: 
1 - tock so l ut ion -,; a prepared b tak ing  fu l l  loop of colon ies from each stra in 
t) pe and cul t i  vated in 1 00 m I nutr ient broth for 24 hrs at 3 7 °C . 
2 - erial d i lut ion \ a s  done by  tak ing 0 . 8  m l  from the  stock solut ion and d i l uted 
in to 1 000 ml steri l ized water sample . Then 0 . 1 m l  was taken from that 
d i lut ion and added to 2700 m l  steri l ized \ ater samples. The d i l uted water 
\\ as shaken in order to obta in  homogenous sample .  Then, the d i l uted water 
\ as d i str ibuted to 9 steri l ized beakers, 200m l in s ix  beakers and 300 ml i n  
three beakers ( contro l  beakers) .  
3 - T\\ 0 d i fferent dosages (as i l lustrated in  table I I I . 3 )  of nano-part ic les were 
di tri buted to s ix 200m l beakers wh i le three 300m I beakers left as a contro l .  
4- 1 00 m l  from each contro l  beakers was fi l tered as a control a t  t ime zero by 
us ing M i l l ipore fi ltrat ion dev ice and 0.45 /1m fi lter papers. Then the fi lter 
papers \ ere p laced in petri p lates conta in ing select ive agar media for each 
bacteria. 
5 - The water samp les were incubated i n  3 7°C and shacked in  rec iprocat ing 
shaker at 60 rpm for d i fferent contact t imes (as i l lustrated i n  tab le I I 1 .2 ) . 
6- The 1 00 m l  from each sample  was fi l tered us ing 0 .45 /1m fi lter papers. Then 
the fi lter papers were p laced on to petri p lates conta in ing selective agar 
media for d i fferent bacteria. The petri p lates conta i ns the fi lters were 
incubated at 3 7°C for 24 hrs. 
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7- Then the remain ing ample reta in  back to the incubator for second contact 
t ime (a i l I u  trated in table 1 1 1 .2 )  and the above step are repeated. 
I I .7  on- p iked M F d ist i l late and RO permeate sam ples with 7 nano-
pa rtic les : 
The ba ter iological analy i of water samples co l lected from M F p lant and RO 
plant hO\\ h igh concentrat ion of bacteria so the dose ( �L 1/ 1  OOm l )  of NPs \. as 
in  rea ed ( but st i l l  under the standard l im it )  as shown i n  tab le  I I L3 .  And the contact 
t ime \\ a ame as i n  tab le 1 I l .2 .  
Table  l I l A : Ps do e app l i ed to d i st i l late and permeate samples ( /l il l  OOm l )  
Water a m  pIes Disti l l ate Permeate 
'\. Ps dose Dose I Dose 2 Dose 1 Dose 2 
Ag ;--';P 4 5 8 1 0  
\g-Cu NPs 4 5 4 
-
Cu ;\Ps 1 0  20 N l  N I  
Ci\Ts 1 0  20 N I  N I  
ZnO NPs 1 0  20 N I  N l  
5i02 NPs 20 40 N I  N I  
Mg N Ps 1 0  20  N I  N I  
78  
E"per iment  of on - p iked M F d ist i l late and RO permeate am ple with 7 
na no- particle : 
I .  The '., ater sample  \\ re d i  tr i buted in  to 9 ter i l ized beakers. 
2 .  T,\ o d i fferent do ages of nano-part ic les (as i l lu trated i n  tab le 4 )  were added 
to 6 beaker and 3 beaker were left as a contro l .  
3 .  1 00 m l  from control beaker were fi l tered as  a contro l a t  t ime zero by  using 
M i l l ipore fi ltrat ion device and 0 .45 11m fi lter paper . Then the fi l ter papers 
\\ ere p laced in petri p lates conta in i ng nutrient agar media .  
4 .  The p lates conta i n ing the membrane incubated at 3 7°e for 24 hour . Then 
the " ater amples (" ith d i fferent nanopart ic les do e )  incubated in  37°e and 
hacked in rec iprocat ing shaker at 60 rpm for I hour. 
5 . Then 1 00 ml from each sample were fi l tered using 0 .45  11m fi lter papers. 
Then the fi lter papers were p laced on to petri p lates conta in ing nutrient agar 
med ia. The petr i  p late conta ins  the fi l ters were incubated at 3 7°e for 24 hrs .  
6 .  Then the remain ing sample reta in  back to the incubator for one more hour. 




Re u lt obta ined from the analyses and exper iments conducted in  th is  stud are 
i l l ust rated i n  th i s  chapter i nc lud ing;  Ps ize and morphology by TEM.  chemical 
and bacter io logical analys i s  of  the tested water samples anti bacter ia l  exper iments 
\\ i th p iked samp les and with non- p iked amples. F i na l ly, the resu lt of  formed 
l DBP  ( I n  Organic By-Products), ma in ly ch lorate, ch lor ite, bromate and iodate, in 
the te ted desa l i nated water are pre ented . 
I V . 1  T E M  Resu lts  of N Ps 
TEM characterizat ion was used to show the surface morphology and est imated the 
s izes of prepared Ps. The TEM images of cons idered Ps in the first and second 
batches are in the in figures. IV . l and I V .2 ;  respect ive ly .  Wh i l e  several images 
reflect c lear and segregated part i c les (most l y  in batch 1 1 ) ,  many others reflect 
co l l ided part ic les agglomerated at d i fferent levels at d i fferent t imes; most ly in Batch 
I I  whose part ic les are larger than those in batch I .  The shape of part i c les was 
determ i ned b) v isual i nspect ion ; ei ther spherical or i rregu lar .  F ina l ly, the s izes of  
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d ifferent P in both batche \\ ere detenn ined a per the method descri bed in 
sect ion I I I  and us ing the image sca le shown at the top. I zes, morphology and 
urface charge of al l P in  both batches are l i sted in  Tab le IV .  I 
Table  1 . 1 :  ize and morphology of used N Ps 
Nanopart ic les S ize in nm Surface Charge 
F i rst batch 
Ag 1 7 . 5  Negat ive 
Ag-Cu 36 .5  Negat ive 
CuO 1 2 .9 Negat ive 
CNTs Negat i ve 
ZnO 1 7 .5  Pos i t ive 
S iO] 1 5 . 5  Negat ive 
MgO 42 .4  Posi t ive 
Second batch 
Ag 29 .6 Negat ive 
Ag-Cu 3-+ . 8  Negat ive 
Cu 37 .8  Negat ive 
CNTs Negative 
ZnO 1 1 . 99 Pos i t ive 
S i02 3 86 . 8  Negat ive 
MgO 229.2 Pos i t ive 
8 1  
Morpho logy of N Ps 
i rregu lar 
I rregu lar 
l rregu lar 
Cyl i ndrical 
I rregu lar 
Spherical 
I rregu lar 
I rregu lar 
I rregu lar 
I rregu lar 
Cyl i ndr ical 
I rregu lar 
Spherical 
I rregular 




ZnO Ps Ag-Cu NPs 
MgO NPs 





ZnO NPs MgO Ps 
CuO NPs Ag NPs Ag-Cu NPs 
Figure l V .  2 TEM images of NPs in the second batch 
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IV.2 Cbaracteri t ic of n ater ample 
Thi sect i  n pre ent the re u l t  of chem ical and bacter io logical analyses for 
d i fferent tested water sample . Chemica l  parameters (quoted in  mg/l ) were 
anal yzed ft l' three et of \\ ater amples; tap water samples, M F water sample . 
and RO \\ atel' sample . 
Table IV .2 :  Re u lts for the intake seawater before and after pretreatment for both 
M F and RO desa l i nat ion p lants . 
I ntake sea water I ntake sea water Intake sea water I ntake sea water 
before after before after 
Water ample pretreatment for pretreatment for pretreatment for pretreatment for 
T D  
M S F  water M S F  water RO water RO water 
samples samples samples samples 
c r  24700 24500 23 700 23850 
B( 80 8 1  66 68 
SO.\-- 5200 5 1 02 4750 4760 
Na+ 1 6890 1 67 1 0  1 5500 1 5900 
K+ 533  52 1 477 479 
Ca+- 502 490 487 492 
Mg+- 2400 2350  1 600 1 650 
EC ms/cm 73 .4 73 .4 62 62 .8  
TDS 44700 44500 35000 3 5600 
Sal i n ity 44.4 44.2 3 8 .6 3 5 . 6  
pH 7 . 2  7 . 3  7 . 8  7.6 
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Tab le I . : Re u lt for Tap \ ater, M F di t i l late, and RO permeate. 
Water Sample I D  Tap Water MSF  Di t i l late RO Permeate 
F- 0 .02 0.0087 0.025 
Cr - 75 1 0 .6 1 03 
N03 0 . 5  0 .24 0 .2 
SO�-- 4 .96 1 .3 4 .2  
Na+ 60 1 2  80 
K+ 5 2 7 
Ca"'"- 1 0  -+ 1 2  
Mg+- Le s than 1 ppm Le s than 1 ppm Less than 1 ppm 
HC03- 20 1 5  Less than I ppm 
EC 11 em 268 80 1 48 
Bacteriological characterist ic of  d ist i l late , ater and permeate water after 
de a l i nat ion and before ch lor inat ion are shown in  table s l V .4 and I V . 5 ;  re pect ively 
Table [V .4 :  Resul ts of  bacter iological analyse for d i st i l late waters (CFUl I OOm l )  
No Bacteria l s tra i n  Resu l t  
1 E.coli N D  
2 Pseudomonas aeruginosa 30 
3 Coliform bacilli 2 .4* 1 0'u 
4 Aerobic colony count 40 
5 Enterococci ND 
6 Sulphite reducing clostridia ND 
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Table I . 5 :  Re u lt of bacteriological analyse for permeate \ ater (CFU/ I OOm l )  
No Bacteria l stra i n  Resu l t  
1 E coli liD 
2 Pseudomonas aerllginosa 5 .6 * 1 0) 
3 Coliform bacilli 8 .3  * 1 0J 
4 Aerobic colony count 5 . 9  * 1 OJ 
5 El71erococci liD 
6 Sulphite reducing clostridia ND 
I V.3 Ant imicrobia l  activity of N Ps aga inst m ic roorga n isms 
The ant im icrobia l  act i i ty  of considered N Ps app l i ed in  water samples in 
u pen ion mode are represented by bacterial degradat ion percentages referenced to 
b lank samp les ( not spiked w ith  any Ps) .  Each test and bacter ia l  count was carried 
out three t imes ( th ree rep l icates)  and the averages and standard deviat ions of 
bacter ia l  counts for a l l  scenarios are reported in  Append ix A for the seven 
cons idered Ps. The deta i led resu lts reported in Append ix A are summarized in 
Tables I V .6 to r V . 1 2  b report ing the a erages of  bacterial degradat ion percentages 
for d i fferent doses of suspended NPs in 1 00 m l  Spi ked tap water, Spiked d ist i l late 
\\ ater ;  p iked permeate water, MSF water, and RO water and for two di  fferent 
contact t imes (T l and T2 reported ear l ier in Table  IV )  
A lthough anti bacterial act i v i ty increased with dose and contact t ime for a l l  
treatment . the four bacteria l  spec ies behaved d i fferent ly upon exposure t o  the same 
levels of nanopart i c l e  su pensions .  
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Table IY .6 :  Bacter ia l  degradation percentage for d i fferent water amples p iked 
\\ ith d i fferent do e of g P and fI r d i fferent contact t ime . 
g NP 
Tap Water M F RO Oi  t i l late Permeate 
Contact T I  T2 T l  T2 T I  T2 T I  T2 T I  T2 
Time 
Fir  t dose 
I I I 4 8 
(!l ll I OOm l) 
E coli 84 .5  1 00 95 . 8  1 00 99.2 1 00 
Enterobacter 85 .9 1 00 87.96 89.2 98 .9 98 .9  
9 1 .4 9 1 . 7 99.3 99.3 
Sa/monella 85 .96 1 00 72.9 97 .4 46.9 76.8 
Enterococci 62 .7  92 .8  97 .2 1 00 69.5 97 . 1 
Second do e 
2 2 2 5 ] 0  
(!l Il I OOm l )  
E.coli 99.5 1 00 98 .9 1 00 1 00 1 00 
Enterobacter 99 .7 1 00 96. 1 1 00 99.9 1 00 
92 .4 1 00 99 .5  99.6 
Salmonella 9 1 .2 1 00 84 . 9  1 00 6 1 . 7 89 . 1 
Enterococci 7 1 .3 1 00 99.4 1 00 98 .97 1 00 
Table IV . 7 :  Bacterial degradation percentages for d i fferent water samples p iked 
\\ ith d i fferent doses of Ag-Cu Ps and for d i fferent contact t imes .  
Ag-Cu NPs 
Tap Water M F RO Dist i l l ate Permeate 
Contact T I  T2 T I  T2 T I  T2 T l  T2 T I  T2 
Time 
F i r  t do e 
1 1 1 4 4 
(!l1l 1 00ml )  
E.coli 46 84 5 5 . 7  1 00 32 . 9  99 
Enterobacter 1 00 1 00 90.0 96.4 9 1 . 8 98 .2  
99.4 99.8 88 90 .9 
Salmonella 95 .3  1 00 56 .9  89 .7  56 . 5  66 .8  
Enterococci 78 .4 78 .7 73 .6  94 46.4 5 1 .4 
Second dose 
2 2 2 5 5 
(!l 1l 1 00m l )  
E.coli 66.9 1 00 93 .4 1 00 73 .2  1 00 
Enterobacter 1 00 1 00 96. 1 ] 00 94.6 ] 00 
99 .8 99 .9 96 .2 99.2 
Salmonella 97 .9  1 00 84 . 9  1 00 8 1 . 3 86 .3 
Enterococci 8 8 .9 98 . 1 88 . 1 96 .9 5 8 . 7  68 . 1 
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abl I . 8 :  Bact r ial degradat ion percentage for d i fferent water sample spiked 
w ith d i ffer nt dose ofCu  Ps and for d i fferent contact t ime 
Cu NP 
Tap Water M F RO Di  t i l late Permeate 
Contact T I  T2 T I  T2 T l  T2 T l  T2 T I  T2 
Time 
F i r  t do e 
2 1 0  1 0  20 
(!-! l, 1 00m I )  
E coli 7 1 9.4  24 32 .2 77 .8  1 00 
Enterobacter 5 l . 5 8 1  70 .5  70 .8 73 .3  92 .7 
uncounted 67 .3  I I 
Salmonella 74.4 1 00 6 1 . 5 72 . 5  89 .9 92 .3 
Enterococci 36 ,4 4 1 .9 49 5 1  62.4 76.6 
Second do e 
4 20 20 40 
(PI 1 00m l) 
E. coli 1 8 . 1  2 3 . 5  5 1 . 8 56 .99 1 00 1 00 
Enterobacter 74 . 3  9 1 . 1  60 .8  70. 5  99 .7 1 00 
Uncounted 82 .9  N I  N I  
Sallllo l1e 110 94.4 1 00 79.3 8 1 . 7 94 . 7  98 .4 
Enterococci 52 . 8  57 . 3  67 .4 7 1 . 5 1 00 1 00 
Table [ .9 :  Bacterial degradation percentages for d i fferent water samples spiked 
\\ i th d i fferent do es o fC  Ts and for d i fferent contact t imes .  
CNT 
Tap Water MSF  RO Dist i l late Permeate 
Contact T l  T2 T l  T2 T l  T2 T I  T2 T I  T2 
Time 
F i rst do e 
5 1 0  1 0  1 0  
(�l! I OOm l )  
E coli 1 7  1 8  52  75 48 .6  85  
Enterobacter 4 1 .2 * 1 00 33 . 9  42 .3 32 45 . 5  
Uncounted Uncounted I I 
Salmonella 23 . 2  0 29 . 1 67 .2 50 .7 74 .6  
Enterococci 1 l .9 1 2 .9  36 .3  62 3 3 . 3  6 1 .2 
Second do e 
1 0  20 20 20 
(�II l OOm l) 
E coli 2 1 .9 27 .7  72 .9  93 .8  8 1 .4 90.9 
Enterobacter 85 . 3  1 00 52 . 1 65 36 59 . 1 
6 1 . 3 69.6 I I 
Salmonella 5 5 .4 0 57 . 8  77 .97 58 . 9  80 .3  
Enterococci 1 7. 9  22 .97 67 .2 82 .95 68 . 1 84 . 7  
* 1 00% because the control had only 3 colonIes 
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Table I V . ! 0 :  Bacter ia l  degradation percentage for d i fferent \ ate I' sample spiked 
\\ i th d i fferent do e f ZnO Ps and for d i fferent contact t ime . 
ZnO N P  
Tap ater M F RO Dist i l l ate Permeate 
Contact T !  T2 T !  T2 T I  T2 T l  T2 T I  T2 
Time 
Fir  t do e 
5 1 0  1 0  1 0  (� 11 1 OOm l) 
E.coli 20 23 .9 43 . 3  92  45 . 8  46.2 
El1terobacler 23 28 . 3  50  65 . 8  36.4 * 1 00 
90.5 9 1  I I 
Salmonella 3 . 1  3 . 7 33  50 .5  56 .7 68 .2 
Enterococci 7.9 1 1 .9 1 1 . 5  1 7  3 . 2 5 
econd do e 
1 0  20 20 20 
(� I / I OOm l) 
E. coli 33 .4 48 . 3  73 . 3  98 .4  73 .5  84.2 
Enlel'Obacter 3 3  45  90 .5  1 00 90.9 1 00 
90 .7 92.9 N I  I 
Sallllone /I a 6.25 70 .4 73 .3 75 . 7  73 .6 75 . 8  
Enterococci I l .6 1 7 . 1  22 .3  29 .8 2 1 .2 22 .8  
" 100°'0 becau e the control had only 2 colonIes 
Tab le  I . 1 1 :  Bacter ia l  degradation percentages for d i fferent water sample spiked 
\\ ith d i fferent do es of i02 Ps and for d i fferent contact t imes .  
S i02 N Ps 
Tap Water MSF  RO Dist i l late Permeate 
Contact T I  T2 T I  T2 T I  T2 T l  T2 T l  T2 
Time 
F i rst dose 
5 5 5 20 
( � 1 I 1  OOm l )  
E.coli 34 34 .8 8 .9 1 6 .8  1 4 .6 1 9 .3 
Enterobacter 0.4 52 37 .2 49.2 27 .8  3 5 . 1 
U ncounted 67. 1 I 1 
Salmonella 6 36 .6 8 .6  3 5 .3 1 0 .9 1 1 .3 
Enterococci 23 . 8  26 .2 28 .2  30 1 l .6 1 2 . 5  
Second dose 
1 0  1 0  1 0  40 
(�11 1 OOm l )  
E.coli 3 5 . 7  44.4 23 . 5  30 .9 30 .2 30.4 
Enlerobacfer 32 .6 72.7 56 .96 62 .6 50 . 8  5 1 . 7 
U ncounted 8 1 . 3 N l  N I  
Salmonella 1 7. 5  40.9 24.8 49.9 1 4 .7  1 9 .6 
Enterococci 3 3 . 7  40.4 33 . 1 36. 1 1 3 . 8  1 9. 9  
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Tabl I . 1 2 : Bacterial degradat ion percentage for d i  fferent \\ ater sample p iked 
\\ i th d i fferent do e of MgO P and for d i fferent contact t ime 
MgO N P  
Tap Water M F RO Dis t i l l ate Permeate 
Contact T 1  T2 T 1  T2 T I  T2 T l  T2 T I  T2 
Time 
Fir t do e 
5 1 0  1 0  1 0  (�d 1 00m l) 
E coh 1 2 . 3  2 5 . 5  1 9 . 7  1 9. 8  4 1 . 5 42 . 8  
El1lerobacter 40 * 1 00 2 1 . 5 69.3 2 . 5  8 . 7  
8 5 .9 88 .2  N I  1 
Salmonella 1 2 . 7  2 8  89 .7 92 .2 1 5 .6 32 .6 
Enterococci 6 .9  1 1  1 5  1 5  8 . 1 9 . 1 
Second dose 
1 0  20 20 20 
( /l 11 J  OOm I )  
E.coli 36 .4 46 .4 63 . 1  82.9 45 . 6  48 . 7  
El1lerobacter 1 00 1 00 68 .9  96 6 .6  54 
90.2 90.5 N l  I 
Salmonella 1 5 . 1  39 .8  94.6 98 . 8  23 . 3  36 . 3  
El1terococci 9 .6  1 7 . 1  6 1 .6 64 .9  9 . 8  1 2 . 7  
• tOo·,. becau e (he control had onl) 3 colonIes 
The resu l ts reported in Tables IV .6 to I V . 1 2  are summarized and reproduced in 
another set of tables for the four types of considered water amples:  Table TV  . 1 3  for 
tap ", ater, Table  I V  1 4  for Sp iked MSF  water. Tab le T V . 1 5  for Sp iked RO water, 
Table IV . 1 6  for non-spiked desa l i nated water (d i st i l late and permeate) .  Table IV . 1 7  
combine a l l  the average resu lts reported i n  these tables ( Dose I I  and Contact t ime 
I I ) for ea y reference and comparison . 
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Tabl I V . 1 3 : Ov rai l bacter ial degradat ion percentage for tap \\ ater p iked by .f 
ind icator and treated by ) nthe ized P at econd do e and second contact t ime .  
Average 
Tap Water E.coli Enterobacfer Salmonella Enterococci 
removal 
percentage of 
all ind icators 
Ag NPs 1 00 1 00 1 00 1 00 1 00 
Ag-Cu N Ps 1 00 1 00 1 00 9 8 . 1 99 .5  
CuO N Ps 23 . 5  9 1  1 00 5 7 .3 67 .95  
ZnO N Ps 4 8 . 3 45 70.4 1 1 .6 43 . 83 
MgO N Ps 36 .4 1 00 39 .2 1 7 . 1  48 . 1 8  
S iO� liPs 44 .4 72 .2 40 . 8  40 . 6  49 .5  
CNTs 2 7 . 7  1 00 5 5 .4 22 .96 5 1 . 52 
Table I V . 1 4 : 0 era l l  Bacter ial degradat ion percentage for MSF  water spiked by -+ 
ind icators and treated by synthe ized N Ps at second dose and second contact t imes 
Average 
removal 
piked M F Water E.coli Enterobactor Salmonella Enterococci percentage 
of a l l  
i nd icators 
Ag N Ps 1 00 1 00 1 00 1 00 1 00 
Ag-Cu N Ps 1 00 1 00 98 .3 96.9 99 
Cu N Ps 56.99 53 .7  79 .3  7 1 .5 65 .37 
ZnO N Ps 98.4 75 .7  70.4  29.8 68.58 
MgO N Ps 82.9 96 98 . 8  64.9 85 .65 
Si02 N Ps 30.9 62 .2  49.9 36. 1 44 .78 
CNTs 92.8  65  77.97 82.95 79.68 
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Table ) . 1 5 : 0 era l l  Ba ter ia l  degradation percentage for RO \\ ater pi ked b) .f 
ind icator and treated b ynthe ized Ps at second do e and econd contact t ime . 
Average 
remo al 
piked RO Water E. coli Enterobactor almone l la Enterococci percentage 
of a l l  
ind icators 
Ag N Ps 1 00 1 00 1 00 89 . 1 
Ap;-Cu N Ps 1 00 1 00 6 8 .3 6 8 . 1 
Cu NPs 1 00 1 00 98 .4 1 00 
ZnO N Ps 84 .2 1 00 7 5 . 8  22 . 8 
MgO N Ps 4 8 . 7  5 4  3 6 . 3 1 2 . 7  
S i02 N Ps 3 0.4 5 1 . 7 1 9 .6  1 9 . 9  
CNTs 90.9  59 . 1 80 .3 84 .7  
Table I . 1 6 :  Bacter ia l  degradat ion percentages of d ist i  II ate water and permeate 
water 
Water type Dis t i l late Permeate 
Ag N Ps 1 00 99 .6  
Ag-Cu N Ps 99 .9  99 .2 
Cu N Ps 82 . 9  NI  
ZnO N Ps 92 . 7 N I  
MgO N Ps 90.5  N I  
S iO, N Ps 8 1 . 3 N I  
CNTs 69 .6  N I  
97 .3 
84 . 1  
99 .6 
70.7 
3 7 . 93 
30.40 
7 8 . 75 
Table r v  . 1 7 :  Overa l l  Bacterial degradat ion percentages w ith d ifferent water 
samp les sp iked by a l l  synthesized Ps at second dose and second contact t ime 
NPs Tap water MSF water RO water Dist i l late Penneate 
samples samples samples 
Ag NPs 1 00 1 00 97.3 1 00 99.6 
Ag-Cu NPs 99.5  99 84 . 1  99.9 99.2 
eu NPs 67.95 65 .37 99.6 82.9 N I *  
ZnO NPs 43 .83 68.58 70 .7  92 .7  N I  
MgO NPs 48. 1 8  85 .65 37.93 90.5 N I  
S iO] NPs 49.5  44.78 30.4 8 1 .3 N I  
CNTs 5 1 .52  79.68 78.75 69.6 N I  
* ot identi tied 
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F igure TV .3 :  Overa l l  bacteria l  degradat ion percentage for tap water sample  Spiked 
by 4 i nd icator and treated by ynthesized P at second dose and second contact 
t ime. 
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F igure IV.4:  Overa l l  bacterial degradation percentage for M S F  water samples Spiked 
by 4 i ndicators and treated by synthe i zed Ps at second dose and second contact 
t ime.  
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Figure IV . S :  Overa l l  bacteria l  degradat ion percentage for RO water samp les Spiked 
b) 4 ind icator and treated by synthe ized N Ps at second dose and econ d  contact 
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Figure IV.6: Overa l l  bacteria l  degradation percentage for d i fferent water samp les 
Spiked by 4 i nd icators and treated by synthesized Ps at second dose and second 
contact t ime.  
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IVA Disi n fection by-products Ident ification 
Four d i fferent i norgan ic I DBPs were anal zed in  the desa l inated \ ater after treated 
by di fferent Ps and the re u lt ( produced as average of three i njections in IC) are 
reported here. ; Tab le I V . 1 8  for spiked M F water, Table r V . 1 9  for spiked RO 
\\ ater, Table IV .20 for non-spiked MSF  water, and Table IV . 2 1 for non-spiked RO 
\\ ater. 
Table IV . 1 8 : Detected JOBPs in spiked MSF  \ ater after treated by d i fferent N Ps in 
mg!1 for two doses and two contact t imes 
I D B Ps Ch lorate Chlor i te Bromate Iodate 
CT T l  T2 T l  T2 T l  T2 T l  T2 
Dose I 
Ag N Ps ND ND ND ND ND ND ND ND 
Ag-Cu 0.02 0.02 N D  ND N D  N D  ND NO 
N Ps 
Cu  N Ps 0. 1 7  0 .24 N O  NO N D  N D  N D  N D  
CNTs N D  N D  NO ND ND ND ND ND 
ZnO N Ps N D  NO NO ND NO NO NO NO 
S i01 N Ps 0 .02 0 .02 ND NO ND ND N D  ND 
MgO NPs  N O  NO N O  N D  NO N O  ND ND 
Dose I I  
Ag NPs  ND NO NO NO ND N D  N D  N D  
Ag-Cu 0 .02 0 .03 ND N D  N D  N O  N D  N D  
N Ps 
Cu NPs 0 .2 1 0 .24 ND ND N O  N D  N D  N D  
CNTs N D  N D  NO NO N D  N D  N D  ND 
ZnO N Ps N D  N D  ND ND N O  N D  N D  N D  
S i02 NPs  0 .02 0 .02 ND NO N D  N D  ND ND 
MgO NPs N O  N O  ND N O  N D  N D  ND ND 
9 5  
Table IV . 1 9 : Detected I DBP i n  p iked RO "v ater after treated by Di fferent Ps in 
mg/I for t\\ 0 do e and two contact t imes 
I OBPs Ch lorate Ch lorite Bromate Iodate 
CT T I  T2 T I  T2 T l  T2 T l  T2 
Dose I 
Ag N Ps 0.02 0 .02 NO N O  NO N O  N O  NO 
Ag-Cu 0 .04 0 .04 0 .02 0 .06 N O  NO NO NO 
N Ps 
Cu N Ps 0 . 1 8  0 .24 NO N O  NO N O  NO NO 
CNTs N O  N O  NO N O  NO N O  NO NO 
ZIlO N Ps 0 .02 0 .02 NO N O  N O  N O  NO NO 
S iO� N Ps N O  N O  N O  NO N O  N O  N O  N O  
MgO N Ps 0 .0 1 0 .0 1 ND NO N O  N O  N O  N O  
Oose I I  
Ag N Ps 0 .02 0 .02 N O  N D  N O  N O  N O  N O  
g-Cu 0 .04 0 .05 0 .06 0 . 1 2  N O  NO NO NO 
N Ps 
Cu N Ps 0 .23 0 .24 N O  N O  N O  N D  N O  NO 
CNTs N O  N D  N O  NO N D  NO ND NO 
ZnO N Ps 0 .02 0 .03 N D  NO N D  N O  N O  N O  
S iO:, N Ps N O  N O  NO NO N O  NO NO NO 
MgO N Ps 0 .0 1 0 .02 N O  NO N O  N O  ND ND 
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Table J . 20 :  Detected I DBP i n  d i  t i l late \\ ater after treated by Di fferent Ps in 
mgt! for t\\ 0 do e and t\vo contact t ime 
IDBPs Ch lorate Chlorite Bromate Iodate 
CT T 1  T2 T I  T2 T I  T2 T 1  T2 
Dose 1 
Ag N Ps 0 .07 0 .07 ND :tiD liD N D  liD }JD 
Ag-Cu 0 .03 0 .03 0 .04 0 .04 N D  NO ND ND 
N Ps 
.Cu NPs 0 .03 0 .03 0 .06 0 .06 0.03 0 .04 liD ND 
CNTs N D  N D  N D  ND NO N D  N D  N D  
ZnO N Ps 0 .05 0 .05 ND ND ND N O  ND NO 
S i02 N Ps 0 .02 0 .03 ND NO N D  N D  NO NO 
I'vIgO N Ps 0 .03 0 .04 N D  NO ND N D  NO ND 
Dose I I  
Ag N Ps 0 .07  0 .07  ND NO ND N D  ND ND 
Ag-Cu 0.03 0.03 0 .04 0 .05 ND ND N D  N D  
N Ps 
Cu NPs  0 . 23  0 .25 0 .06 0 .06 0 .03 0 .04 NO NO 
CNTs N D  N D  NO NO liD liD ND J'{O 
ZnO N Ps 0 .05 0 .05 NO NO N D  N D  NO NO 
S iO.:! N Ps 0 .03 0 .06 NO N D  N D  N D  ND ND 
MgO N Ps 0.04 0 .05 NO NO N D  N D  ND ND 
Table IV .2 l :  Detected IDBPs in  permeate water after treated by d i fferent Ps in 
mg. J for t\\ 0 doses and two contact t imes. 
J D B Ps Ch lorate Ch lorite Bromate Iodate 
CT T 1  I T2 T 1  I T2 T 1  I T2 T l  T2 
Dose I 
Ag-Cu 
0 .02 I 0.03 NO I D 0 I N O  ND D N Ps 
Dose I I  
Ag-Cu 
0 .03 I 0 .05 0 .03 I 0.03 ND 1 NO D 1 D N Ps 
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The above re u l t  report ing detected l DBP for d i fferent ty pe of de a l i nated \\ ater 
amples ar ummarized in Table rV .22 and Table IV .23 at fi r t dose/first contact 
t ime and econd dose/ econd contact t ime: respect ive I . 
Table I . 22 : Dete ted I DBP for a l l  tested v, ater ample after t reated by d i fferent 
P i n  mg/I at fir t dose and fir t contact t ime .  
Water t) pe St .Sp.MSF  S1 .Sp. RO Dist i l late Permeate 
Ag NPs N D  Ch lorate=0.02 Ch lorate= 0 .07 NO 
g-Cu 
Chlorate=0.04 Ch lorate=0.03 Ch lorate=0.03 
Ps Ch lorate=0.02 Ch lorite=O .06 Ch lori te=0 .04 Chlorite=0 .03 
Ch lorate=0.23 
Cu P Ch lorate=0 . 1 7  Ch lorate=0.23 Bromate=0.03 
Ch lorite=0.06 
CNTs N D  N D  Ch lorate=0.02 N I  
ZnO Ps 
N D  Ch lorate=0.02 
Ch lorate=0.05 
ND 
S iO::! N Ps Ch lorate=0.02 ND Ch lorate=0 .03 
ivIg0 N Ps N D  Ch lorate=O.O 1 Ch lorate=0 .04 
Table l V .23 : Detected I DB Ps a l l  tested water sample after treated b d i fferent NPs 
in  m g/I at econd dose and econd contact t ime.  
Water T\pe St .Sp. M SF St .Sp. RO Dist i l l ate Permeate 
Ag N Ps N O  Chlorate=0.02 Chlorate= 0.07 NO 
Chlorate=0 .04 Chlorate=0 .03 Chlorate=0.03 
Ag-Cu N Ps Ch lorate=0.02 Chlori te=0.06 
Chlorite=0.04 Chlori te=0.03 
Chlorate=0.25 
Cu Ps Ch lorate=0 .2 1 Chlorate=O.23 
Bromate=0.04 
Chlorite=0 .06 
CNTs N O  ND Chlorate=0.02 
I 
ZnO Ps N O  Chlorate=0.02 Chlorate=0.05 
N O  
S iO" NPs Ch lorate=0.02 ND Chlorate=0.04 
MgO NPs ND Chlorate=O.O 1 Chlorate=0.04 
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V. 1 T E M  Characterization 
Chapter V 
DISCUSSION 
TE 1 \\ as used to determ ine the ize and morphology of  the used nanopart ic les. 
Zetas izer \v as used to determ ine the surface charge of the used nanopart ic les . Table 
I . 1  reports the s ize. morphology and the surface charge of  these nanopart ic les. 
There were no s ign i ficant d i fferences ben een the size for a lmost all the 
nanopart i c les except i02 and MgO. S i02 used with spiked tap water was 1 2 . 5  nm, 
\\ h i le the one used w ith p iked MF v"ater, Sp iked RO water, non-sp iked d ist i l late 
and permeate "' as 3 86 . 8  nm .  For MgO used with tap water, the size was 42.4 nm i t  
\.\ a 229.2 n m  \\  i th other \ ater amples. Despi te the d i fferences in part i c les s ize of 
i02 P and MgO Ps used w ith first and second batch, there was no s ign i ficant 
effect on the ant im ic robial effect of these nanopart ic les as shown in Table IV . 1 7 . 
The surface charge of  a l l  used nanopart ic les was negat ive except ZnO N Ps and 
MgO Ps. have pos i t ive charge . 
V.2 Bacterial Degradation by NPs i n  Differen t Water Sa m p les 
nt im icrobia l  performance w ith four considered i nd icators; E. coli, Enterobacter, 
Salmonella and Eenlerococci was evaluated in d i fferent dr ink ing water samples 
\\ i th seven se lected nanopart ic les .  The resu lts showed that Ag N Ps can ach ieve up 
to 1 00% in  both tap water samp les and M F water samples for al l  four ind icators, 
\\ h i le p iked RO -,; ater sample had s l ight ly  lower removal percentage (97 .3%) as 
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ho\\ n in table IV . 1 5 . Prev ious studie have reported a reduct ion in  ant ibacterial 
propert ie 0 f g Ps "" ith increased size of nanopart i c les c l  usters due to 
aggregat ion i n  the pre ence of d iva lent ions such as Ca+
2 
and Mg+� [ 59 ] .  I n  th is 
tudy, p iked RO " ater conta ined 1 2  mg/I Ca+2 and 80 m gfL Mg+2 wh i le p iked 
1 F \\ ater contained 4 mgfL Ca +2 and 1 2  mg/l Mg+2 as shown in thab le I V.3 . 
Ion ic  strength and presence of d ivalent or mu lt i valent cat ions resu l t  i n  aggregat ion 
of Ag Ps .  Large aggregates exh ib i t  lower toxic i ty compared with mono-dispersed 
Ps. Because cations in aqueous solut ion can adsorb on the surface of the 
nanopart ic 1es and neutra l ize the negat ive surface, th i s  resu lts in removing the 
energy barriers behveen part ic les which a l low part ic les to aggregate eas i l y  [ 59] . On 
the other hand presence of spec i fic anions such as cr and S04·2 in water can form 
complexe with the released Ag ions. The presence of c r  in part icu lar enhances 
d i sso l ut ion of  Ag N Ps and formation of AgCr2 and AgCr3 complexes. The 
omp lexes are usua l ly  less toxic than Ag+[50 ]  and th i s  may expla in the lower 
to, ic i ty of Ag N Ps in Sp iked RO samples which contained 1 03 m g/L cr and 4 .2  
O/� m gfL compared to  Sp iked MSF samp les that contained 1 0 .6 mgfL cr and 1 .3 
mg/L S04·
2 
as shown in  table IV . 3 .  
The noticed removal percentage of Ag for Sp iked tap water and Spiked MSF , ater 
( 1 00%) was very c lose to that of Ag-Cu NPs for Sp iked tap water and Spiked M F 
'v ater; 99 . 5% and 99% respect ively .  However, the same N Ps had s l ight ly lower 
removal  percentage, 84 . 1  % for Sp iked RO water samples and that can be 
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contributed to the d i fference in  chemical compo it ion of  p iked M F \\ ater and 
p iked RO water. Furthermore, the removal percentage \Va the same for Ag and 
g- 1I Ps for a l l  the used ind icators which i s  1 00% for both tap \'v ater and p iked 
1 F \v ater. Ho\\ e er, Enterococci had l i ght l y  lower removal percentage 'v\ ith Ag­
u P for tap 'v\ ater and p iked M F water; 98 . 1 % and 96.9% ;respect ive ly .  The 
pre\ iou stud ies [ 5 3 ,  54 ]  repnrted that the ce l l  wa l l  p lays an important ro le in  
to lerance or suscept ib i l i t  of bacteria i n  presence to N Ps as  per structure, 
component . and funct ions .  The gram posi t ive ce l l s  conta in  a th ick layer (20-80 
nm )  of  pept idoglycan, \\ h ich  i s  attached to te ichoic ac ids that are un ique to the 
gram pos i t ive \v a l l .  By contrast, gram negat i ve ce l l  wal l s  comprise a th in  PG la) er 
C - I  Onm) and conta ins  un ique component. l i popo lysaccharides. which increase the 
negat ive charge of ce l l  membrane [ 5 7] .  The d i fferences in the composi t ion of the 
cel l  \\ a l l  between Gram posi t ive/ negat ive bacteria could resu lt in d im in ished 
interact ions of  Ag N Ps with the gram pos i t ive. requ i r ing greater i nteract ion t ime 
before the treatment was effect i ve [62 ] .  
ome researchers c la im that released Ag + ion from the nanopart i c le are the more 
act ive spec ies. whereas in some stud ies the nanopart i c les itse l f  was assumed to lead 
to a h igher toxi c i ty [ 5 8 ] .  Spec ies sensit iv i ty is not on ly re lated to the structure of the 
ce l l  "" a l l  i n  gram negat i ve and gram posi t ive bacteria .Another factor that can 
influence the to lerance of bacteria against NPs is the rate of bacterial growth . Fast 
gro\\ 1 I1g bacteria are more suscept ib le than s low-growing bacteria to Ps. It i s  
pos ib le that the tolerance property of  s low-grow ing bacteria I S  re lated to  the 
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expre Ion of tre s-re pon e genes. Consequently, ant ibacterial effects h igh ly  
depend on  the  part icu lar stra in  [ 5 7 ] .  
The removal percentage \\ a s  ame ( 1 00%) for C u  P s  v\ ith Sp iked R O  water for a l l  
the  u ed ind icator except almone/la (98 .4%) .  Whi le p iked MSF water. the overa l l  
remov a l  b) eu P was 65 .4% v i th h igh levels for both Salmonella and 
Enterococci compared to those with E.coli and Enterobacrer. prev ious studies [ 5 8 ]  
reported that severa l  natura l l y  adapted bacteria are tolerant t o  spec ific  Ps .  The 
tolerance mechan i sm of bacteria may be related to phys ica l  propert ies of their PG 
la) er and or products of genes that are located in the p lasm ids and are ab le to 
stab i l ize the p lasma membrane or efflux of Ps. I n  add it ion, the tox ic ity of ions 
re lea ed f)'om N Ps is not s ign i ficant wh i l e  the toxic ity strength of the part ic les 
themselves depends on the natural toxic propert ies of the Cu metal [ 5 8 ] .  
ZnO Ps had ery c lose remo al percentage for both Spiked MSF \ ater and 
p iked RO \\ ater for al l ind icators, 68 .6% and 70 .7%; respect ively .  Furthermore, 
the not iced removal percentages were h igh and c lose to each other for E. coli, 
Enterobacter and Salmonella, markedly low for Enterococci. The electrostat ic 
attract ion and repu ls ion between the NPs and m icroorganisms p lay an important 
ro le in the adhesion of the P to the m icroorganisms and eventual ly the observed 
tox ic i t) . I n  both M F water samp les and RO water samp les low removal 
percentages for gram pos i t ive bacteria; Enterococci were attained; 29 .8% and 22 .8  
respect ive ly .  Such resu lt can be attr ibuted to  the repu l s ion between pos i t ive charge 
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on ZnO P and EnterococcI ce l l \\ al l .  Iso, the tox ic i t) of  oxide Ps. e .g. ZnO 
and uO doe not a lways depend on the bacteria interna l iz ing the P :  the e P 
can loca l l )  change m icroen i ronments near the bacteria and produce RO or 
increa e the Ps so l ub i l it) "" h ich can i nduce bacterial damage [ 5 7 ] .  
tgO P removed 8 5 . 7% of all i nd icators \v ith M F water and only removed 
37 .9°,0 \v i th p iked RO water. In both cases, the noticed removal percentage was 
h igh for E. co/i, almone l la and Enterobacter compared to Enterococci. 
Pre\ iou stud ies reported that the act ion of metal ox ides against bacteria appears to 
be rea l l y  c lose to the surface of the part ic le .  Contact between MgO part ic les and 
bacteria are a l so an important factor in their act i v ity. In both MSF  water samples 
and RO \\ ater samp les the removal percentage of gram pos it ive bacteriaL 
Enterococci \\ as 64 .9% and 1 2 .8% respect ively .  The pos i t ive surface charge of 
190 P and Enterococci may interfere with the adhesion and thus prevent 
contac t .  On the other hand, the a lka l i n ity of the surface is another major 
m ic rob ic idal  effect aga inst bacteria. Furthermore, the existence of act ive oxygen, 
uch as O2', on the surface of MgO (and CaO as wel l )  ha been observed . When the 
part i c l e  comes in to contact w ith a bacterial ce l l  at neutral or s l ight ly ac idic, the 
act ive oxygen would increase the ant im icrobial act i v ity. A d i fference in the 
ant im ic robia l  act iv ity of MgO and ZnO comes from act i ve oxygen speC Ies 
generated by the powder i n  solut ion .  I ndeed, every bacter ium responds uneven ly to 
ox idat ive stress due to d i fferences in  the permeabi l ity of ce l l  membranes [ 1 1 ] . 
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i 2 removed 44 .  0'0 of a l l  i nd icator in p iked M F v" ater and s l ightl) lo\\ er 
per entage \\ i th p iked RO water ( 30.4%). h i le the noticed removal percentage of 
\\'a h igh and c lose to each ther for both piked RO and p iked M F water, 
78 .7 ° 0  and 79 .7%; re pect i  e ly .  Enferobacler had s l ight ly lower remova l 
percentage among the 4 indicators for both water samples, and that may be 
attr ibuted to the bacter ia l  u cept ib i l i t to C Ts. It wa reported that ce l l  damage 
by C T' \\ as caused by d i rect ce l l  contact and phys icochem ical/mechan ical 
i nteract ion w ith the outer ce l l  membrane of E. coli [ 5 8 ] .  For ray non-spiked water; 
after desa l i nat ion and before ch lorination, Ag and Ag-Cu N Ps a lmost removed 
1 000 0 of a l l  the bacteria in M F d ist i l l ate samples. Ho\\. e er the removal percentage 
\\ a s l ight ly lower for RO permeate water by same P (99 .6  % and 99.2% 
respect ive ly) .  Such resu lts can be s im i larly explai ned due to the d i fference of 
chemical  qua l i ty of MSF  and RO water samples. ZnO and MgO Ps had the 
econd h ighest removal percentage for MSF  d i st i l late water. 92 .7% and 90.5%; 
re pect i \ e l y  , .. h i le Cu  P s  and S i02 had s l ight ly lower removal percentages, 82 .9% 
and 8 l . 3%.C Ts ach ieved the least removal percentage ( 69 .6%) w ith M F 
d ist i  ! late \vater. 
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V.3 I n orga n ic Di i n fect ion By-Prod uct 
The format ion of  I DBP  \\ a inve t igated for d i fferent do e and contact t imes of 
the con idered seven P appl ied to the de a l inated water (sp iked and non -spiked ) .  
I n  genera l .  the resu lt of al l  used nanopart i c les ho\ that al l  the formed DBP \\ ere 
under the WHO tandard l im i t  except the Bromate (0 .04mg/L) ,  which formed \\ ith 
u Ps after 2 hrs contact t ime and with 20j.,dl l 00 with M F samples. This can be 
attr i buted to h igher i n it ia l  concentrat ion of brom ide ion 8 1  mg/L ( i n  raw water) 
compared to brom ide in raw water of RO sample (68 mg/l ) .  In add i t ion to brom ide 
concentrat ion, prev ious studies ind icated that Cu ( I I )  enhance HOBr/OBr deca i n  
a lka l i ne so lut ion (pH 8 .6 )  [63 ] .  I n  another tudy [64 ] ,  they reported that, CuO 
catal) ze the d i sproport ionation of HOBr lead ing to ign ificant format ion of 
ch lorate and bromate. The same stud , reported that, i n  the absence of CuO, no 
s ign ificant bromate was formed, whi le i n  the presence of  CuO. a s ign ificant 
bromate formation was observed and enhanced with increas ing CuO dose , This ma) 
expla in t he fonnat ion of bromate with Cu Ps on ly but not w ith others NPs. The 
formation of B romate in MSF  sample and not in RO samples may be attri buted to 
the reject ion o f  b romide ion by N F  in Reverse Osmosis P lant . A study [ 5 8 ]  reported 
that F membrane ach ie ed 94-96% bromide rejection and 84-9 1 % iod ide 
reject ion .  
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11 u ed P formed h lorate ranging bet\\< een 0 .02 - 0 .2  m g  . The h ighest 
concentrat ion \\ as formed \\ ith u Ps in  M F amples but was st i l l  belo\\ WHO 
tandard (0.7 m g/L) .  Chi rite \ as formed with Cu in d ist i l late water sample 
(0 .06mg/L)  and \\ i th g-Cu NP in  RO " ater sample.  d ist i l late \V ater sample , and 
permeate \v ater samples 0 .06 mg/L 0.06 and 0 .03 mg/L;  respect ive ly that were st i l l  
belo\\ the WHO tandard . 
Among the se en cons idered nanopart ic les, Ag N Ps ach ieved the h ighest 
percentage removal wi th a l l  used bacter ia l  ind icators for both RO & MSF samples 
and had the 10\\ est DPB . However, Ag-Cu ach ieved c lose to 1 00% removal \\ i th 
less dose than that of  Ag when used \\ i th RO " ater. Th is  can be attri buted to the 
ox id iz i ng e ffect of the Copper pOlt ion conta ined in the Ag-Cu composite. 
VA Cost I m pl icat ions 
There are c urrent l y  1\\ 0 approaches to address the cost i ssue. One proposed 
approach is to use 100v purity nanomateria ls without s ign ificant ly compromis ing 
efficienc) as m uch  of  the production cost is  related to separat ion and puri ficat ion .  
A l ternat ive ly. the cost-effect iveness can be improved by reta in ing and reusing 
nanomater ia ls .  Most desa l inat ion plants are expected to remain i n  p lace for decades 
to come. As a result ,  i t  is important to be able to imp lement nanotechno logy with 
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min imal  change to ex i  t i ng infra tructure in  the near term and th i s  expla ins the 
focu put i nto th i  study in applying the nanopart ic les in u pension mode. 
lthough nanotechno log) sound promis ing in several treatment proces es a per 
the re u l t atta ined from i nten ive laboratory stud ies, their readines for 
commerc ia l ization and appl ication in  pract ice are st i l l  quest ionab le .  The adopt ion of 
inno\ at ive technologie in  pract ice strongly depends on the cost e ffectiveness and 
the potent ia l  r isk i n  01 ed. The current cost of nanomater i las is proh ib i t ively h igh 
\\ ith fe\\ except i ons  such as nano Ti02• nanoscale ion oxide and po lymeric 
nanofiber . 
Tab le  V . I compares the est imated costs of  current and wide ly used d i s infectant 
( free chor ine app l i ed in form of Sod ium Hypoch lorite salt) and the nanopart ic les 
found in t h i s  study to be effect i ve d is i nfectants for both desa l inat ion technologies 
(M F and RO) with m in imum formed IDBPs;  these are Ag NPs and Ag-Cu Ps 
( 70 : 30) .  The costs were calcu lated for an amount of 1 0,000 m3 of desa l i nated 
\\ ater employing the dosages of Ps effect ive with desa l i nated water (Table rV . 1 6) .  
uch dosages are 5 �tg/ l  OOm l and 1 0 �g/ l OOm l for Ag N Ps appl ied to MSF and RO 
\\- ater; respect ive ly and 5 �g/ l  OOm l for Ag-Cu NPs (70 :30) appl ied to both of MSF 
and RO water. It i s  worth not ing as the removal efficiency \\- as 1 00% for the case 
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of app l i ed g P to M F water on ly \-vh i le other cases reported l it t le les than that 
(99.2°� to 99 .8%) .  ch ie  ement of 1 00% of bacterial removal percentage i s  
a umed to be ach ieved ea i ly i n  pract ice by l ight i nc rease of the  contact t imes 
found for each ca e .  uch i ncrea e v. i l l  eventua l ly  resu l t  i n  increas ing the cap i ta l  
co t of  d i  i n fect ion tanks due to the assoc iated en larged izes. The costs l isted i n  
Tab le  . 1  ignores that and consider on ly  the  cost of mater ia ls  needed to  produce 
the d i s i n fectant; aOCr for free ch lorine, AgN03 for Ag N Ps, and Ag Os/CuCI 
for g-Cu N Ps .  
Tab le  V . I :  Est imates costs (AED) for d i fferent d i s i nfectant techn iques appl ied to 
1 0.000m3 
D i  i n fectant Free Ch lorine Ag Ps 
Ag-Cu NPs 
70 :30 
De a l i nat ion p lant 
MSF/RO MSF RO MSF RO 
Est imated Cost 
50 .2  2928 5856  22 1 2  22 1 2  
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o t of free ch lor ine \\ a calcu lated based on an e t imated co t of 2 . 5 1 AED/kg of 
aO r to del i  er a concentration of 2 .0  mg/L of free ch lorine in  the water requ ired 
for i n i t ia l  d is i nfect ion . The cost of Ag P is ba ed on the usage of 1 70 mg of 
Ag 03 to produce 50  mg Ag Ps used to produce an app l i ed Ag su pended 
solut ion of 0 . 535  mg/m L concentration .  The cost of CuCI2 is based on the use of 
1 70 mg of CuCb to produce 50 mg of Cu N Ps used to produce an appl ied Cu 
su pended solut ion of 1 .0 mg/m l concentrat ion .  Commerc ia l  pr ices of mater ia ls 
considered i n  these ca lcu lations were 2 . 5 1 A ED/kg of NaOC r, 4590 AED/kg of 
Ag 03, and 320 A E D/kg of CuCI2 .  E en though the cost of Ps is  in  general 
much h igher than trad i t ional ch lorine d i s infect ion, a s ign i ficant health advantage 
exi  ts wi th the e l im i nat ion of harm ful  DBPs. I t  shou ld a l so be noted that major 
a\ ing is ach ieved in us ing the Ag-Cu composite instead of Ag Ps. That was 
c 1ear l )  re lated to the reduced dosage requ ired for Ag-Cu compared to that of Ag 
Ps and th i s  exemp l ifies the importance of further investigat ion of Ag and Cu 
based composite Ps in d i si nfection of desa l inated water. 
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Chapter V 
CONCLUSIONS & RECOM MENDATIONS 
A lthough \\ ater p lay a cr i t ical  role in e ery facet of human act i  ity, it i s  becom ing 
an in  rea ingl) scarce re ource in  many parts of the " or ld .  Besides uti l i zation of 
non-trad i t ional source for product ion of h igh-qual ity fresh water and con ervat ion 
and protect ion of  water bod ies from pol lut ion equal ly  important is the development 
of i nno\ at i ve new technologies and mater ia ls whereby chal lenges associated "" ith 
the prov i  i on of afe potable \\ ater can be addressed.  It i w idely recogn ized that 
nanotech no logy and app l i cat ions thereof may play an important role in resol ing 
i ue relat i ng to water hortage and water qual i ty. Due to the i r  large surface 
areas and the i r  s ize and hape dependent cata lyt i c  propert ies, considerable efforts 
are underway to explore Llses of nanomater ia ls in appl icat ions such as membrane 
separat ions. cata lys is and adsorpt ion.  Moreover, nanomater ia ls can be 
funct ional ized \\ i th variou d i fferent chem ical groups to increase their affin ity 
to\'v ard a given compound, thus resu l t ing in l igands that are not on ly recyc lable but 
a lso ha e a h i gh capac ity and select iv i ty for organic and inorgan ic sol utes. as "" e l l  
a tox ic  metal ions and i norgan ic anions in  aqueous solut ion [ 5 8 ] .  
E ffect ive treatment processes for drink ing water product ion are m ajor prerequ i si tes 
for a develop ing and grow ing economy. Therefore, it is cruc ial to develop and 
imp lement innovat ive water technologies treat ing water wi th h igh effic ienc) , w i th 
10\\1 energy consumpt ion and with low over a l l  cost. The app l icat ion of modern 
1 1 0  
nan technology could be one approach to impro e th i s  s ituat ion . The remo al of 
pathogen us ing nanotechnology i an emerg ing area of research and it i a 
prorni  ing alternati e to exist ing processes such a ch lorinat ion . 
Th l  re earch eval uated e en nanopart ic les i n  d i s infect ing desa l inated dr inking 
\\ ater produced b) d i fferent desa l i nation technologies spiked by four types of 
ba teria: E. coli, Enferobacler, Salmonella and Enterococci. Various parameters 
\\ ere tested inc lud i ng: s ize of nanopart ic les, contact t ime and d i fferent dosage of 
uspended nanopart ic les. The present approach exam ined the treatment protocol  
a soc iated , i th ut i l i zation of Ps in  col loidal suspens ion that can be eas i l )  adopted 
in dr i nk ing ,\ ater pretreatment as wel l  as post -treatment systems .  A lso, four 
inorgan ic  d is i nfection by products were analyzed . 
e\ eral conclus ions can be drawn from the resu lts of th is  study as fol lo\\ s :  
( i )  A I I  used ind icators behave in  the same manner, a s  the P s  dose and/or 
contact t ime increase, the removal percentage increase . 
( i i ) The ant im icrobial performance of Ag Ps was the best among a l l  tested 
nanopart i c les and for tested water samples fol lowed by Ag-Cu Ps. 
( i i i )  The cost of adopt ing Ag-Cu in  d i s infect ing RO water was less that o f  Ag 
Ps due to its less requ i red dose (5  flg/ l OOm L)  than that requ i red with 
1 1 1  
g P ( 1 0  Ilgl l  00 mL) .  HO\ e er. arne requ i red dose 'v a found for 
both of g and g-Cu Ps used with M F y ater. 
( i v )  1 00% remo a l  was achie ed b )  Ag P for a l l  spiked ind icator ,\ ith 
M F v, ater ample whi le; with RO water samples i t  was s l ight ly 10'vV er 
97 .3%. A lso in  non- p iked d ist i l late water sample the removal 
percentage of m icroorgan i ms was 1 00%, wh i le in non-spiked permeate 
sample  i t  v as s l ight ly lower 99.6%, but as i l l ustrated in  tab le IV . 1 6  and 
I V . 1 7. a s l i ght increase in Ag N Ps dose and/or contact t ime can eas i l) 
ach i e  e 1 00% removal . 
( v )  The  most frequent JDBP formed was ch lorate and i t  was under the 
standard l im its  by 1 0  t imes even with h igh dose of Ag NPs .  
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R E COM M E N DA T I ON 
There are t\\ 0 major re earches needed for fu l l - cale app l i cation of 
nanote hnology in � ater treatment. F i rst, cost-effecti veness and potent ia l  
em i r  nmental and human risk need to in  est igate . econdly, the long-term efficacy 
f the e nanotechnologie i large ly unknown as most lab stud ies were conducted 
for rel at i ve l )  hort period of t ime.  Research addressing the long-term performance 
or \\ ater t reatment nanotechnologie is  in great need . As a resul t .  side-by-s ide 
com pari on of nanotechnology enabled system and exist ing technologies is  
chal lenging.  The compat ib i l ity between aforementioned nanotechno logies and 
current \\ ater treatment proce ses and infrastructure also needs to be addres ed . 
ost treatment p lant and d istr ibution systems in  developed countr ies are expected 
to remain in p lace for decades to come. As a resu lt, it is important to be able to 
imp lement nanotechno logy with m in imal changes to exist ing i n frastructure in the 
near term . 
Metal and metal ox ide nanopart ic les can be used in dr ink ing water d i s infection in 
d i fferent appl i cat ion method, they can be appl ied as free nanopart i c les suspended in 
aqueou o lut ion ,  or they can be fixed in  d i fferent forms of matrixes. Ut i l izat ion of 
pec ific  nanopart i c l es e i ther embedded in membranes or on other structu ral med ia 
that can effect ive l y ,  i nexpensive ly d is infect dr inking water; has been inve t igated in  
d i fferent studies. 
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ano- g ha g od potent ia l  for app l i cation at Point-of- e ( POU)  treatment. It can 
improve w ater qual ity for h igh-end u e or pro ide another barrier against 
\\ aterborne pathogen for u lnerab le popu lat ion .  ano-Ag has a lso been 
incorporated into ceram ic micro fi lters as barrier for pathogens. wh ich can be 
emp lo) ed i n  remote area in de eloping countr ie . Another potent ia l  app l i cation of 
fi� ing nanopart ic Jes. i s  the development of thin film Nano composite membrane 
(TFM), \\ h ich  ma in l )  focus on incorporat ing nanomater ia ls  (e .g Ag N Ps) into the 
a t i , e la) er  of t h in fi lm composite membranes v ia doping in the cast ing so lut ions or 
surface mod i ficat ion .  
The ma in  recommendation dr i  en from th is  study i s  to evaluate the use of P in 
d i s i nfect ing Ps app l ied in  matrix forms us ing nat ive and cheap local adsorbent 
mater ia l . A l so the cost sav ings ach ieved w ith Ag-Cu compared to that of Ag NP 
suggest further i nvest i gation of Ag and Cu based composite Ps. 
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A P PENDIX A 
Tap water Ag (0. 5 35  I11g/m l) 
E.co!; 
Control ( l).lL 1 00 ml) ( 2).lL I 00 mi ) 
TO T l  T2 T l  T2 T l  T2 
R I  398 3 57  300 72 0 0 0 
R2 399 380 320 75 0 0 0 
R3 399 336  300 1 9  0 5 0 
A\g 398 .66 3 57 .66 306.66 5 5 .33  0 1 .66 0 
RP% 84 .52  1 00 99.53 1 00 
cr 992 .33  0 8 . 33  0 
SO 3 1 . 50  0 2 . 88  0 
Tap water Ag (0 . 535  mg/m l )  
Enterococci 
ConLrol First Dose ( [ ).lU I 00 m l )  Second Dose ( 2).lU 1 00 m l )  
TO T I  T2 T I  T2 T I  T2 
R I  399 300 224 1 1 0 1 8  96 0 
R2 397 250 207 8 1  1 9  52 0 
R3 399 230 1 80 1 00 7 76 0 
Avg 398 . 33  260 203 .66 97 1 4 .66 74.66 0 
RPo o 62.69 92 .79 7 1 .28  1 00 
cr 2 1 7  44 . 33  485 . 33  0 
SO 1 4 . 73 6 .65 22 .03 0 
Tap water Ag (0 . 535  mg/m l )  
Enterobacter 
ConLrol First Dose ( JIlU 1 00 1111) Second Dose (2�U 1 00 1111) 
TO T l  T2 T l  T2 T 1  T2 
R I  399 42 0 0 0 0 0 
R2 398 1 43 4 43 0 1 0 
R3 399 1 20 0 0 0 0 0 
Avg 398 .66 1 0 1 .66 1 .3 3  1 4 .33  0 0 .33 0 
R P% 85 .90 1 00 99.67 ] 00 
cr 6 1 6 . 33  0 0 .33  0 
SO 24 .82 0 0 . 57  0 
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TO 
R I  399 
R2 390 
R3 397 




TO T l  
R I  400 340 
R2 399 300 
R3 398 320 













T I  
1 6  
1 7  
24 
1 9  
Control 
Tap \\ ater Ag (0 . 535  mg/m l )  
Salmone l la 
First Dose (I fl L 1 00 ml) 
T2 T 1  T2 
3 6 0 
I I 0 
I I 0 
1 .66 2 .66 0 
85 .96 1 00 
8 . 33  0 
2 . 88  0 
St .Sp.MSF A& (0. 535  mg/m I )  
E. coli 
First Dose ( I  flU 1 00 m l )  
T2 T I  T2 
280 1 1  0 
250  1 8  0 
275 1 1  0 
268 .33 1 3 .33 0 
95 .83 1 00 
1 6 .33 0 
4.04 0 
St .Sp.MSF  Ag (0 . 535  mg/m l )  
Enterococci 
Control First Dose (lflU I OO m l) 
T l  T2 T I  T2 
380 250 8 0 
3 5 5  220 1 6  0 
390 200 8 0 
3 75 223 .33  1 0 .66 0 
97. 1 5 5 1 00 
2 1 . 33  0 
4 .6 1 0 
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Second Dose (2flu 1 00 ml) 




1 .66 0 
9 1 .22 1 00 
1 . 3 3  0 
1 . 1 5  0 
Second Dose ( 2flL 1 00 m l )  




3 .66 0 
98 .85  1 00 
1 6 .33  0 
4 .04 0 
Second Dose ( 2fl U 1 00 ml )  




2 .33  0 
99 .37 1 00 
4 .33  0 
2 .08 0 
St .Sp.MSF Ag (0 . 535  mg/m l ) 
Enterobacter 
Control First Dose Ij.lU 1 00 ml) Second Dose ( 2IlL 1 00 ml) 
TO T l  T2 T I  T2 T l  T2 
R l  400 380 320 67 43 4 1  0 
R2 390 380 350 39 32 0 0 
R3 400 370 300 30 30 3 0 
Av g 396 .66 376 .66 323 .33  45 .33  3 5  1 4 .66 0 
RP% 87 .96 89 . 1 7  96. 1 0  1 00 
() 372 .33 49 522 .33 0 
SO 1 9 .29 7 22 .85 0 
St .Sp .MSF  Ag (0 . 535  mg/m l) 
Salmonel la  
Control First Dose ( 11lU 1 00 ml) Second Dose ( 2pL 1 00 011) 
TO T l  T2 T I  T2 T l  T2 
R I  399 280 200 72 5 30 0 
R2 390 300 280 90 8 56 0 
R3 397 320 200 82 5 50  0 
Avg 395 . 33  300 226.66 8 1 . 3 3  6 45 . 33  0 
RP% 72 .88 97 .35 84 .88  1 00 
() 8 1 . 33  3 1 85 .33  0 
SO 9 .02 1 . 73 1 3 .6 1 0 
St .Sp.RO Ag (0 . 535  mg/ml )  
E.coli 
Control First Dose (I pU 1 00 1111) Second Dose ( 2pU 1 00 111 1 )  
TO T l  T2 T l  T2 T I  T2 
R I  4 1 8  280 1 06 2 0 0 0 
R2 420 250 88 2 0 0 0 
R3 400 2 1 0  2 1 0  2 0 0 0 
Avg 4 1 2 .66 246.66 1 34 .66 2 0 0 0 
R P% 99. 1 8  1 00 1 00 1 00 
() 0 0 0 0 
SO 0 0 0 0 
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St.Sp.RO AgJO.535  mg/rn l )  
Enterococci 
Conlrol First Dose ( I �L 1 00  mil Second Dose (2�L 1 00 ml) 
TO T I  T2 T l  T2 T I  T2 
R I  422 3 76 3 1 4  67 7 2 0 
R2 435  3 80 350 1 45 20 8 0 
R3 450 300 275 1 1 0 4 I 0 
Avg 435 .66 352  352  1 07 .33  1 0 . 33  3 .66 0 
Rpo,o 69 .50 97 .06 98.95 1 00 
cr 1 526 .33 72 .33  1 4 .33 0 
SD 39 .06 8 . 50  3 . 78 0 
St .Sp.RO Ag (0 . 535  rng/m l )  
Enterobacler 
Conlrol First Dose (I �U 1 00 ml) Second Dose (2�lU 1 00 mil 
TO T l  T2 T l  T2 T l  T2 
R 1  4 1 8  320 1 50 1 0 0 0 
R2 400 300 90 6 1 1 0 
R3 420 280 36 3 2 0 0 
Avg 4 1 2 .66 300 92 3 . 33  1 0 . 33  0 
RP% 98 .88 98 .9 1 99. 88 1 00 
cr 6.33 1 0 .33  0 
SD 2 . 5 1 1 0 . 577  0 
St .Sp.RO Ag (0 .535  mg/m l )  
Salmone l la 
Conlrol first Dose (I�U 1 00 m l) Second Dose (211 U 1 00 ml) 
TO T l  T2 T 1  T2 T l  T2 
R I  399 2 80 200 1 24 3 1  30 0 
R2 390 300 280 1 7 1  73 56 0 
R3 397 320 200 1 83 54 50 0 
Avg 395 .33  300 226 .66 1 59 .33  52 .66 45 .33  0 
R P% 46 . 88  76 . 76 84 .88  1 00 
cr 972 . 33  442 .33  1 85 .33  0 
SD 3 1 . 1 8  2 1 .03 1 3 .6 1 0 
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Dist i l late Ag (0 . 535  mg/m l) 
NoN-Spiked 
Control F irst Dose 4�L 1 00 mi l Second Dose (5�L, 1 00 m l )  
TO T l  T2 T I  T2 T l  T2 
R I  n-count 7020 6550 570 550  5 1 6 462 
R2 n-count 7000 6500 590 576 550  480 
R3 n -count 70 1 5  6400 565 562 500 475 
Avg #D IV/O ! 70 1 1 .66 6483 . 33  5 75 562 .66 522 472 .33 
RRo,o 9 1 . 79 9 1 . 32  92 . 55  92 . 7 1  
(J 1 27 .72 969. 1 1  792 .72 86.33 
SO 1 1 .30  3 1 . 1 3  2 8 . 1 5  9 .29 
Permeate Ag (0 .535  rng/ml )  
NON-Spiked 
Control F i rst Dose (8)lL I 1 00 m i )  Second Dose ( I  DilL 1 00 ml) 
TO T I  T2 T I  T2 T l  T2 
R I  n-count 7500 7080 650 42 38 3 1  
R2 n-count 7650 7 1 00 655  54  32 30 
R3 n-count 7600 7090 650 40 30 28 
Avg #O lV/O ! 75 83 . 33  7090 65 1 .66 45 . 33  33 .33  29.66 
RR% 9 1 .4 1  99.36 99.56 99 . 58  
(J 8 .33  57 .33  1 7 .33  2 . 33  
SO 2 . 88  7 .5 7 4 . 1 6  1 . 52 
Tap water Ag-Cu (0 . 535  rng/rn l )  
E.coli 
Control First Dose ( I  p U 1 00 ml) Second Dose (2pU 1 00 ml) 
TO T I  T2 T I  T2 T I  T2 
R I  399 23 1 1 78 1 27 33  65  0 
R2 398 28 1 1 76 1 32 1 5  99 0 
R3 400 243 220 1 49 43 86 0 
Avg 399 25 1 .66 1 9 1 .3 3  1 36 30 . 33  83 .33  0 
RP% 45 .96 84. 1 4  66.88 1 00 
(J 1 3 3 20 1 . 33  294 .33 0 
�D 1 1 . 53  1 4 . 1 8  1 7 . 1 5  0 
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Tap water Ag-Cu (0 . 535  mg/m l) 
Enterococci 
Control First Dose IjlU I OO  ml) Second Dose (21lL 1 00 ml)  
TO T l  T2 T I  T2 T l  T2 
R I  400 3 80 285  90 90 1 3  0 
R2 399 3 70 290 85 27  50  0 
R3 399 385  280  70 65 63 1 6  
A\g 399.33 378 . 3  285  8 1 .66 60.66 42 5 . 333333  
RP% 78 .4 1 78 .7 1 88 . 89 98.09 
cr 1 08 . 33  1 006 .33  673 85 .33  
SO 1 0 .40 3 1 . 72 25 . 94 9.23 
Tap water Ag-Cu (0 . 535  mg/m l )  
Enterobacter 
Control First Dose ( I U 1 00 ml )  Second Dose (21lU 1 00 ml) 
TO T I  T2 T I  T2 T I  T2 
R l  399 225 1 2  0 0 0 0 
R2 390 1 27 2 0 0 0 0 
R3 399 1 47 5 0 0 0 0 
Avg 396 1 66 .33  6 .33  0 0 0 0 
RP% 1 00 1 00 1 00 1 00 
cr 0 0 0 0 
SO 0 0 0 0 
Tap water Ag-Cu (0 . 535  mg/m l )  
Salmonel la 
Control First Dose (IIlU 1 00 ml) Second Dose (2IlU 1 00 mi l 
TO T l  T2 T l  T2 T I  T2 
R l  390 1 20 4 8 0 5 0 
R2 397 1 30 1 2 0 I 0 
R3 390 29 3 3 0 0 0 
Avg 392 .33 93 2 .66 4 .33 0 2 0 
RP% 95 . 34 1 00 97 .84 1 00 
cr 1 0 . 33  0 7 0 
SO 3 .2 1 0 2 .64 0 
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St .Sp.MSF Ag-Cu (0 .535  I11g/l11 l )  
E.coli 
Control First Dose ( III U 1 00 1111) Second Dose (21lLl 1 00 ml) 
TO T I  T2 T l  T2 T 1  T2 
R l 4 1 0  390 300 1 95 0 2 0 
R2 430 395 320 1 94 0 44 0 
R3 400 397 350 1 3 5 0 32 0 
Avg 4 1 3 .33  394 323 .33  1 74 .66 0 26 0 
RP 5 5 .66 1 00 93 .40 1 00 
(j 1 1 80 . 33  0 468 0 
SO 34 . 355  0 2 1 .63 0 
St .Sp.MSF Ag-Cu (0 . 535  I11g/I11 J)  
Enterococci 
Control First Dose ( 1  �IU J 00 1111) Second Dose ( 21lLl 1 00 ml) 
TO T 1  T2 T I  T2 T l  T2 
R I  420 380 365 1 43 25 4 1  5 
R2 450 4 1 5  350  1 1 0 1 3  67 5 
R3 435 400 300 63 23 34 1 8  
Avg 435 398 .33  338 .33  1 05 .33  20 . 33  47 . 33  9 .33 
RP% 73 . 55  93 .99 88 . 1 2  96 . 88  
(j 1 6 1 6 .3 4 1 . 3 3  302 .33  56 .33  
SD 40.20 6 .42 1 7 . 387  7 .505 
St .Sp.MSF  Ag-Cu (0 . 5 35  I11g/m l) 
Enterobacfer 
Second Dose (21lLl 1 00 
Control First Dose (1IlU 1 00 1111) ml) 
TO T l  T2 T l  T2 T l  T2 
R I  450  350  325 34 1 0  1 1  0 
R2 435 370 260 34 1 1  1 5  0 
R3 475 365 230 3 1  8 1 6  0 
Avg 453 .3 3  36 1 .66 2 7 1 .66 33 9 .66 1 4  0 
R P% 90.87 96.44 96. 1 2  1 00 
(j 3 2 . 33  7 0 
SO 1 . 73 1 . 52  2 .64 0 
1 3 1  
St .Sp.MSF Ag-Cu (0 . 535  mg/m l 
Salmone l la  
Control Firsl Dose (1 uL 1 00 ml) Second Dose (2u LI 1 00 m i l  
TO T I  T2 T l  T2 T l  T2 
R I  5 00 420 280 1 84 28  6 1  0 
R2 480 455  300 1 99 25  60 0 
R3 500 460 320 1 92 40 80 0 
Avg 493 .33  445 300 1 9 1 .66 3 1  67 0 
RP% 56 .92 89.66 84.94 1 00 
(J 56 .33 63 1 27 0 
SO 7 .S0S 7 .93 1 1 .26 0 
St .Sp.RO Ag-Cu (0 . 535  mg/m l )  
E.coli 
Control First Dose ( 1 �ILl 1 00 ml )  Second Dose (2uLl 1 00 ml)  
TO T l  T2 T l  T2 T I  T2 
R l  3S0  1 43 1 34 73 S 62 0 
R2 367 233 233  1 30 0 2 1  0 
R3 380 1 80 1 30 1 70 0 66 0 
Avg 365 .66 1 8S .33 1 65 .66 1 24 . 33  1 .66 49.66 0 
RP% 32 .9 1 98 .99 73 .20 1 00 
(J 2376 .33  8 .33  620.33 0 
SO 48 .74 2 . 88  24.90 0 
St .Sp.RO Ag-Cu (0 . 535  mg/m l )  
Enterococci 
Control Erst Dose (I u U I OO ml) Second Dose (2uLl 1 00 ml) 
TO T I  T2 T l  T2 T l  T2 
R I  42 1 340 250 1 36 1 50 1 22 1 00 
R2 400 320 300 1 75 1 23 1 60 67 
R3 436 400 300 257  1 40 1 54 1 20 
Avg 4 1 9  3 53 . 33  283 . 3  1 89 . 333  1 37 .66 1 45 .33  95 .66 
RP% 46.4 1 5 1 .4 1  58 .86 68 . 1 1 
(J 3 8 1 4 . 33  1 86 . 33  4 1 7 .33 7 1 6 .33 
SO 6 1 .76 1 3 .65 20 .42 26 .76 
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St .Sp.RO Ag-Cu (0 . 535  mg/m l)  
Enterobacter 
Conlrol First Dose (11lL! 100 ml) Second Dose (:�IlL 1 00 mil 
TO T I  T2 T I  T2 T I  T2 
R I  380 2 1 7  202 20 3 1 4  0 
R2 400 267 200 36 7 3 1  0 
R3 390 350  1 40 1 2  0 0 0 
A\ g 390 278 1 80 .66 22 .66 3 .3 1 5  0 
Rpo,o 9 1 .84 98 . 1 5  94.60 1 00 
0' 1 49 .33 1 2 .33  24 1 0 
SO 1 2 .22 3 . 5 1 1 5 . 52  0 
St .Sp.RO Ag-Cu (0 . 535  mg/m l )  
Salmone l la 
Control First Dose ( I  ilL! 1 00 m l )  Second Dose ( 21lL! 1 00 ml) 
TO T l  T2 T l  T2 T I  T2 
R l  23 1 1 90 1 50 85 38 24 1 4  
R2 257  1 40 87 76 3 7  4 1  5 
R3 300 1 79 69 60 27  30 23 
A\ g 262 .66 1 69 .66 1 02 73 .66 34 3 1 .66 1 4  
Rpo o 56 .58 66.66 8 1 . 33  86.27 
0' 1 60 . 33  37  74 .33  8 1  
SO 1 2 .66 6 .08 8 .62 9 
Dist i l late Ag-Cu (0 . 535  mg/m l) 
Thermal Samples Non Spiked 
Control First Dose ( 41lL! 100 111 1 )  Second Dose (51lL/ 1 00 1111) 
TO T I  T2 T l  T2 T l  T2 
R l  4800 2208 1 500 9 2 5 2 
R2 465 5 2 1 80 1 463 9 1 4 3 
R3 4720 2 1 67 1 480 1 9  3 4 3 
Avg 4725 2 1 85 1 48 1  1 2 . 33  2 4 .33  2 .66 
RR% 99.43 99 .86 99.80 99 . 8 1 
0' 33 . 33  I 0 . 33  0 .33  
SO 5 . 77 1 0 . 57  0 . 57  
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Permeate Ag -Cu(0 .535  mg/m l )  
RO _SamRles J'lon �pjked 
Second Dose (51lL' 1 00 
Control First Dose 'f}I Ll I OO  mI l mIl 
TO T l  T2 T I  T2 T I  T2 
UN-
R I  COUNTED 4690 2700 520 282 1 40 8 
UN-
R2 COUNTED 4500 2975 573 255  1 70 20 
UN-
R3 COUNTED 4530 2897 549 240 208 42 
Avg 4573 . 33  2857 .33  547 .33 259 1 72 .66 23 .33  
R Po,o 88 .03 90.93 96.22 99. 1 9  
'I' 704 .33  453 1 1 6 1 .3 3  297 .33 
SO 26.53 2 1 .28  34.07 1 7 .24 
Tap water Cu ( 1  mg/m l )  
E.colf 
Control First Dose (21lLl 1 00 ml) Second Dose (4�ILl I 00 ml)  
TO T l  T2 T l  T2 T 1  T2 
R 1  399 3 5 5  3 1 0  332  255  285  250  
R2 398 370 303 347 258  270 260 
R3 395 360 300 330  223  275  235 
Avg 397 .33  36 1 .66 304 .33 336.33 245 .33 276 .66 248 .33  
RP% 7 .00 1 9 . 38  1 8 .40 23 . 50  
(J 86.33 3 76 .33  58 . 33  1 5 8 .33 
SO 9.29 1 9 . 39  7 .637 1 2 . 58  
Tap water Cu ( 1  mg/m l )  
Enterococci 
Control First Dose ( 2 1lLl I 00 ml)  Second Dose (4pLl 1 00 ml)  
TO T l  T2 T l  T2 T l  T2 
R l  250 289 285  1 00 87 95 80 
R2 295 295 290 250 220 1 20 1 1 5 
R3 300 295 280 209 1 90 200 1 70 
Avg 28 1 .66 293 285 1 86 .33  1 65 .66 1 3 8 .33  1 2 1 .66 
RP% 36 .40 4 1 .87 52 .78 57. 3 1 
(J 60 1 0 .33  4866 . 33  3008 .3 205 8 .33  
SD 77 .52 69 .75 54 .84 45 .36  
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Tap v. ater _Cu ( 1  mg/m l) 
Enterobacrer 
Control F IrSl Dose 2�1 L I DO m i l  Second Dose (-+IlL 1 00 mil 
TO T I  T2 T I  T2 T l  T2 
R I  399 1 90 1 00 52 25 40 1 8  
R� 390 200 1 80 1 20 25 29 4 
R3 399 1 50 70 90 1 6  70 9 
A \g  396 1 80 1 1 6 .66 87 .33 22 46.33 1 0 .33 
Rpo o 5 1 .48 8 1 . 1 4 74.25 9 1 . 1 4 
a 1 1 6 1 .3 3  27 450 .33  50 .33  
SO 34.07 5 . 1 9  2 1 .22 7 .09 
Tap water Cu ( I  mg/m I )  
Salmone l la  
Control First Dose 21lU 100 m l) Second Dose (4�L 1 00 ml )  
TO T I  T2 T l  T2 T l  T2 
R I  395 46 5 I S  0 2 0 
R2 397 29 5 6 0 I 0 
R3 390 1 5  3 2 0 2 0 
A \ g  394 30 4 .33  7.66 0 1 .66 0 
RP% 74 .44 1 00 94 .44 1 00 
a 44 .33  0 0 .333  0 
SO 6.65 0 0 . 57  0 
St .Sp.MSF Cu ( I  mg/m l )  
E.coli 
Control F irst Dose ( I  O).lU 1 00 m i l  Second Dose ( 10).lL 1 00 m i l  
TO T I  T2 T l  T2 T l  T2 
R l  455  1 50 1 25 1 1 5 86 69 65 
R2 420 1 72 1 4 1  1 3 1  86 56 5 1  
R3 400 1 53 1 20 l I S 90 1 04 50 
Avg 425 1 5 8 .33  1 28 .66 1 20 .33 87 .33 76 .333 55 . 33  
R P% 24 32 . 1 2  5 1 . 78  56 .99 
a 85 .33  5 . 33  6 1 6 .33 70. 33 
SO 9 .23 2 . 30  24 .82 8 .38 
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St .Sp.MSF Cu ( I  mg/m l) 
Enterococci 
Control First Dose ( I 0�U 1 00 ml )  Second Dose ( 20�LI 1 00 ml) 
TO T J  T2 T J  T2 T I  T2 
R I  450 3 1 5  2 1 8  1 80 88  90 60 
R2 445 300 200 1 43 J 1 0  1 20 73 
R3 450 350 220 1 69 1 20 1 05 55  
A\g 448 .33  32 1 .66 2 1 2 .66 1 64 1 06 1 05 62 .66 
Rp% 49.0 1 50 . 1 5  67 .35  7 1 . 5 1  
cr 3 6 1  268 225 86. 33 
SO 1 9  1 6 . 37  1 5  9.29 
St .Sp.MSF Cu ( l  mg/m l)  
Enterobacter 
Control First Dose ( I O�ld 1 00 ml} Second Dose (20pU 1 00 mil 
TO T I  T2 T I  T2 T I  T2 
R l  420 320 200 99 60 1 30 5 1  
R2 450 360 1 80 1 02 50  1 50 40 
R3 400 3 75 1 52 1 1 0 45  1 33 3 1  
Avg 423 .33  35 1 .66 1 77 .33 1 03 .66 5 1 .66 1 37 .66 40.66 
R P% 70 .52 70 .86 60 .77 60 .85 
cr 32 .33  58 .33  1 1 6 . 33  1 00 .33 
SO 5 . 6  7 .6 1 0 .78  1 0.0 I 
St .Sp.MSF Cu ( I  mg/m l)  
Salmonel la 
Control First Dose ( I  O�U 1 00 mil Second Dose (20,lU 1 00 mil 
TO T I  T2 T I  T2 T I  T2 
R I  400 3 1 6  2 1 0  1 20 58  72 27 
R2 422 300 222 1 00 70 46 55 
R3 436 350  298 1 52 73 82 54 
Avg 4 1 9 .33  322 243 .33 1 24 67 66.66 45 . 33  
RP% 6 1 .49 72 .46 79.29 8 1 .36 
cr 688 63 345 .33 252 .33 
SO 26.22 7.93 1 8 . 58  1 5 .88 
136 
St .Sp.RO eu ( 1  mg/m l) 
E. coli 
Control First Dose ( 1 0�IL 1 00 ml) Second Dose (20)lU 1 00 mil 
TO T J  T2 T l  T2 T l  T2 
R l  420.00 4 .00 2 .00 2 .00 0 .00 0 .00 0.00 
R2 453 .00 5 .00 2 .00 0.00 0 .00 0.00 0 .00 
R3 436 .50 4 .50 2 .00 1 .00 0 .00 0 .00 0 .00 
A\g  436 .50 4 .50 2 .00 1 .00 0 .00 0 .00 0 .00 
RP 77 .78 1 00 .00 1 00 .00 1 00 .00 
0- 1 .00 0 .00 0 .00 0.00 
SO 1 .00 0 .00 0 .00 0 .00 
St .Sp. RO ell ( I  mg/m l )  
Enterococci 
Control First Dose ( l OIlU I OO ml) Second Dose (201lLl 1 00 mil 
TO T I  T2 T I  T2 T l  T2 
R l  450.00 345 .00 220.00 1 43 .00 86.00 0 .00 0 .00 
R2 404.00 325 .00 200 .00 1 09 .00 1 2 .00 0 .00 0 .00 
R3 427 .00 335 .00 2 1 0 .00 1 26 .00 49.00 0 .00 0 .00 
Avg 427.00 335 .00 2 1 0 .00 1 26 .00 49 .00 0 .00 0 .00 
R P% 62.39 76 .67 1 00.00 1 00 .00 
0- 289 .00 1 369.00 0 .00 0 .00 
SO 1 7 .00 37 .00 0 .00 0 .00 
St .Sp.RO eu ( 1  mg/m l )  
Enterobacter 
Control First Dose (I O)lU 1 00 ml) Second Dose (201lU 1 00 ml) 
TO T l  T2 T ]  T2 T J  T2 
R l  465 .00 200 .00 3 .00 60.00 0 .00 1 .00 0 .00 
R2 450 .00 1 00 .00 ] 0 .00 20 .00 1 .00 0 .00 0 .00 
R3 457 . 50  1 50 .00 6 .50 40.00 0 .50 0 .50 0 .00 
Avg 457 . 50  1 50 .00 6 .50 40.00 0 . 50  0 .50 0 .00 
RP% 73 .33  92 . 3 1 99.67 1 00 .00 
0- 400.00 0 .25 0 .25 0 .00 
S O  20.00 0 . 50  0 .50 0.00 
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St .Sp. RO Cu (I mg/ml) 
Salmone l la  
Conlrol First Dose (I O�lL 1 00 ml) Second Dose (20�L 1 00 mil 
TO T I  T2 T l  T2 T l  T2 
R I  396.00 3 52 .00 1 80.00 32 .00 1 1 .00 1 2 .00 1 .00 
R2 408 .00 365 .00 1 65 .00 40.00 1 6 .00 26.00 3 .00 
R3 402 .00 3 5 8 . 50  1 72 .50 36 .00 1 3 . 50  1 9 .00 2 .00 
Avg 402.00 358 . 50  1 72 .50 36 .00 1 3 . 50  1 9 .00 2 .00 
Rpo,o 89.96 92 . 1 7  47.22 85 . 1 9  
cr 1 6 .00 6 .25  49 .00 1 .00 
SD 4.00 2 . 50  7.00 1 .00 
Dist i l l ate Cu ( 1  mg/m l )  
NoN-S iked 
Control First Dose (20�U 1 00 ml) Second Dose (40jl LI 1 00 ml) 
TO T I  T2 T I  T2 T I  T2 
R I  n-count 7070.00 6300.00 merged 2050.00 merged 1 070.00 
R2 n-count 7000.00 6230.00 merged merged merged merged 
R3 n-count 703 5 .00 6265 .00 #D IV/O I 2050.00 #D IV/O l 1 070.00 
Avg #D IV/O ! 703 5 .00 6265 .00 #D IV/O I 2050.00 #D IV/O l 1 070.00 
RP #D fV/O I 67 .28 #D IV/O l 47 .80 
cr #VALUE I  #VA L U E I  #VALUE I  #VALUE I  
SD #VALUE I #VA L U E I  #VA L U E I  #VALUE I  
Tap water CNTs ( 1  mg/m l ) 
E.coli 
Control First Dose (5�U 1 00 ml) Second Dose (I O�L/ 1 00 ml) 
TO T l  T2 T l  T2 T l  T2 
R l  400.00 395 .00 390 .00 3 50.00 285 .00 3 1 0 .00 280.00 
R2 399.00 370 .00 280.00 290.00 250 .00 304 .00 220.00 
R3 397.00 380 .00 340.00 3 1 0 .00 290.00 280.00 230 .00 
Avg 398 .67 3 8 1 .67 336 .67 3 1 6 .67 275 .00 298 .00 243 .33 
RP% 1 7 .03 1 8 . 32  2 1 .92 27 .72 
cr 933 .33  475 .00 252 .00 1 033 .33 
SD 30 . 55  2 1 .79 1 5 .87  32 . 1 5  
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Tap water CNTs ( I  mg/m l )  
Enterococci 
Control First Dose (jflU 1 00 ml) Second Dose ( 1 0flL 1 00 ml) 
TO T I  T2 T I  T2 T I  T2 
R I  399.00 3 80.00 350 .00 335 .00 3 1 0 .00 300 .00 275 .00 
R2 395 .00 373 .00 365 .00 3 1 5 .00 300 .00 296 .00 240.00 
R3 397.00 350 .00 330 .00 322 .00 300.00 3 1 0 .00 290.00 
A \g  397.00 367 .67 348 .33 324 .00 303 .33  302 .00 268 .33 
RP% 1 1 . 88 1 2 .92 1 7 .86 22 .97 
0" 1 03 .00 3 3 . 3 3  52 .00 658 .33 
SO 1 0 . 1 5  5 . 77 7 .2 1 25 .66 
Tap water CNTs ( I  mg/m l )  
Enlerobacfer 
Control First Dose ( 5J.lU 1 00 ml )  Second Dose ( l OJ.lU 1 00 ml )  
TO T I  T2 T I  T2 T I  T2 
R I  399.00 1 7 .00 0.00 1 2 .00 0 .00 5 .00 0.00 
R2 400.00 1 2 .00 0 .00 4 .00 0 .00 0 .00 0 .00 
R3 397.00 5 .00 1 1 .00 4 .00 0.00 0.00 0 .00 
Avg 398.67 1 1 . 3 3  3 . 67 6 .67 0 .00 1 .67 0.00 
RpO, ° 4 l . 1 8  1 00 .00 85 .29 1 00 .00 
(J 2 1 .33  0 .00 8 . 33  0.00 
SO 4.62 0.00 2 . 89 0 .00 
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Tap water CNTs (I mglm l) 
Salmonel la 
Control First Dose ( SIIL/ I OO m l) 
TO T I  T2 T I  T2 
R I  399 .00 1 8 .00 0 .00 1 3 .00 0 .00 
R2 297.00 1 8 .00 0 .00 1 5 .00 0 .00 
R3 390.00 20.00 0 .00 1 5 .00 0 .00 
Avg 362 .00 1 8 .67 0 .00 1 4 . 33  0 .00 
Rpo,o 23 .2 1 #D IV/O ! 
� 1 . 3 3  0.00 
�D 1 . 1 5  0 .00 
St .Sp.MSF CNTs ( l  mg/m l )  
E.coli 
Control First Dose ( I OIlL 1 00 ml) 
TO T l  T2 T I  T2 
R I  400.00 399.00 360 .00 1 60 .00 75.00 
R1 4 1 5 .00 395 .00 380 .00 200.00 1 08 .00 
R3 400.00 399.00 390 .00 2 1 3 .00 1 00 .00 
A \g  405 .00 397 .67 376.67 1 9 1 .00 94 .33  
R Po'o 5 1 .97 74.96 
� 763 .00 296 .33 
SD 27.62 1 7 .2 1 
St .Sp.MSF CNTs ( l  mg/m J )  
Enterococci 
Control First Dose (I OIlU I OO mil 
TO T l  T2 T l  T2 
R l  450 .00 320 .00 300 .00 220.00 1 05 .00 
R2 4 1 4 .00 355 .00 280.00 230 .00 1 20 .00 
R3 420 .00 345 .00 350 .00 200.00 1 25 .00 
Avg 428 .00 340.00 3 1 0.00 2 1 6 .67 1 1 6 .67 
RP% 36.27 62 .37 
r 49045 . 33  1 08 . 33  
SD 22 1 .46 1 0 .4 1 
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Second Dose ( I  Olll 1 00 ml )  
T I  T2 
1 2 . 00 0.00 
1 3 .00 0 .00 
0 .00 0 .00 
8 .33 0.00 
55 . 36  #D lV/O ! 
52 .33  0 .00 
7.23 0 .00 
Second Dose (201lu 1 00 ml) 
T I  T2 
96.00 20.00 
1 02 .00 35 .00 
1 25 .00 1 5 .00 
1 07.67 23 .33  
72.93 93 .8 1 
234 .33 1 08 . 33  
1 5 . 3  I 1 0 .4 I 
Second Dose (:WIlU 1 00 ml) 
T I  T2 
1 0 1 .00 78 .00 
1 1 4 .00 1 1 .00 
1 20.00 90.00 
1 1 1 .67 59.67 
67. 1 6  82 .95 
3066.02 1 8 1 2 .33 
5 5 . 37  42 .57 
SLSp.MSF CNTs ( I  mg/m l) 
Enlerobacfer 
Control Firsl Dose ( 1 0 lU 1 00 mIl Second Dose ( 20�L 100 mIl 
TO T I  T2 T I  T2 T I  T2 
R I  400.00 300.00 230 .00 1 60 .00 1 50 .00 1 08 .00 34 .00 
R2 398 .00 300.00 290.00 2 1 0 .00 1 83 .00 1 86 .00 1 0 1 .00 
R3 4 1 0 .00 390.00 320 .00 284 .00 1 52 .00 1 80.00 1 59 .00 
Avg 402 .67 330 .00 280 .00 2 1 8 .00 1 6 1 .67 1 5 8 .00 98 .00 
RP�o 33 .94 42 .26 52 . 1 2  65 .00 
IT 3892.00 342 .33 1 884.00 39 1 3 .00 
SO 62 .39 1 8 . 50  43 .4 1 62. 55 
St .Sp.MSF CNTs ( I  mg/m I )  
Salmonel l a  
Control First Dose (J O,lU 1 00 ml) Second Dose ( 20�U 1 00 mIl 
TO T I  T2 T l  T2 T I  T2 
R I  400.00 380.00 360 .00 300 .00 1 1 4 .00 200.00 1 07 .00 
R2 396 .00 356 .00 300 .00 250.00 96.00 1 50 .00 34.00 
R3 399.00 365 .00 298 .00 23 1 .00 1 04 .00 1 1 5 .00 70.00 
Avg 398 .33  367.00 3 1 9 .33  260.33 1 04 .67 1 55 .00 70.33 
R P% 29.06 67 .22 57 .77 77.97 
IT 1 270.33 8 1 . 3 3  1 82 5 .00 1 3 32 .33 
SO 35 .64 9 .02 42 .72 36 .50 
14 1 
Control 
TO T l  
R I  420.00 350 .00 
R2 433 .00 300 .00 
R3 426 . 50  325 .00 





TO T I  
R I  450 .00 320 .00 
R2 4 1 4 .00 3 5 5 .00 
R3 432 .00 337 . 50  





TO T l  
R I  2 1 0 .00 1 2 .00 
R2 200 .00 1 3 .00 
R3 205 .00 1 2 .50  




SLSp.RO CNTs (I mg/m l )  
E.coli 
First Dose (l O ll 1 00 ml) 
T2 T l  T2 
3 1 5 .00 1 50 .00 57 .00 
265 .00 1 84 .00 32 .00 
290. 00 1 67 .00 44 .50 
290 .00 1 67 .00 44 .50 
48 .62 84.66 
289 .00 1 56 .25  
1 7 .00 1 2 . 50  
St .Sp.RO CNTs ( I  mglml )  
Enterococci 
First Dose ( IO}lu I OO m l )  
T2 T I  T2 
300 .00 220.00 1 05 .00 
280 .00 230.00 1 20 .00 
290.00 225 .00 1 1 2 . 50  
290.00 225 .00 1 1 2 . 50  
33 . 3 3  6 1 .2 1  
25 .00 56 .25  
5 .00 7 . 50  
St .Sp.RO CNTs ( I  mg/m I )  
Enterobacter 
First Dose ( I 0llL 1 00 ml) 
T2 T l  T2 
1 2 .00 9 .00 5 .00 
1 0 .00 8 . 00 7 .00 
1 1 .00 8 . 50  6 .00 
1 1 .00 8 . 50  6.00 
32 .00 45 .45 
0 .25 1 .00 
0 . 50  1 .00 
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Second Dose (20JlL 1 00 m i l  
T l  T2 
67.00 25 .00 
54.00 28 .00 
60.50 26.50 
60 .50 26.50 
8 1 . 3 8  90.86 
42.25 2.25 
6 .50 1 . 50 
Second Dose ( 20flL 1 00 ml) 
T I  T2 
1 0 1 .00 78 .00 
1 1 4 .00 1 1 .00 
1 07 .50 44 .50 
1 07 .50 44 .50 
68 . 1 5  84.66 
42 .25 1 1 22 .25  
6 . 50  33 .50 
Second Dose (20}lU 1 00 ml) 
T l  T2 
8 .00 5 .00 
8 .00 4 .00 
8 .00 4 .50 
8 .00 4 .50 
5 . 88 25 .00 
0 .00 0 .25 
0 .00 0 .50 
St.Sp.RO CNTs ( I  mg/m l )  
Salmone l la  
Control First Dose ( I O�U 1 00 ml) Second Dose (20pL 1 00 ml) 
TO T I  T2 T I  T2 T I  T2 
R I  400 .00 380.00 350 .00 2 1 0 .00 74 .00 1 80.00 52 .00 
R2 396.00 3 50.00 320 .00 1 50.00 96.00 1 20 .00 80.00 
R3 398 .00 365 .00 335 .00 1 80 .00 85 .00 1 50.00 66.00 
A\g 398 .00 365 .00 335 .00 1 80.00 85 .00 1 50 .00 66.00 
RP% 50.68 74.63 58 .90 80 .30 
(J 900.00 1 2 1 .00 900.00 1 96.00 
S O  30.00 1 1 .00 30 .00 1 4 .00 
Oistt i late CNTs ( I  mg/m I)  
NON-Spiked 
Control First Dose (I 0flU 1 00 m l) Second Dose (201lU 1 00 ml) 
TO T I  T2 T I  T2 T I  T2 
R I  n-CoLlnt 1 500.00 1 3 80 .00 merged merged 580 .00 .f20 .00 
R2 n-CoLlnt merged merged merged merged merKed merged 
R3 n-CoLlnt merged merged merged merged merged merged 
A\g #D IV/O ! 1 500.00 1 380.00 #D IV/O ! #D TV/O ! 5 80 .00 420 .00 
RPo'o #O IV/O ! #D IV/O ! 6 \ . 33  69. 57  
(J #VA L U E !  0 .00 #VALUE !  0.00 
Sp 
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Tap Water ZnO ( 1  mg/m l )  
E.coli 
Control First Dose (51lU 1 00 m i l  Second Dose ( I OIlLI 1 00 mil 
TO T I  T2 T I  T2 T I  T2 
R I  390 3 80 200 264 1 80 200 1 52 I 
R2 397 360 220 290 1 30 2 1 9  1 00 
R3 399 3 5 5  300 322 238 3 1 0  1 20 
A\ g 395 . 3 3  365 240 292 1 82 .66 243 1 24 
RP% 20 23 . 88  33 .4247 48 .33  
cr 844 292 1 .33  3457  688 
SO 29.05 54 . 04 58 . 79 26.22 
Tap Water ZnO ( 1  mg/m l) 
Enterococci I 
Control First Dose ( 5tJU 1 00 011) Second Dose ( I  DilL' 1 00 mil 
TO T I  T2 T l  T2 T I  T2 I 
R l  390 300 250 28 1 230 255 240 
R2 397 3 1 0  290 290 242 260 235 
R3 399 325 280 290 250 260 250 
A \g  395 . 33  3 1 1 .66 273 .33 287 240.66 258 . 33  24 1 .66 
R P% 7 .9 1 4  1 1 . 95 1 1 . 6 1 7 . 1  1 
cr 27  1 0 1 .3 3  8 . 3 3  58 .33  
SO 5 . 1 9  1 0 .06 2 . 88  7.63 
Tap Water ZnO ( I  mg/ml )  
Enterobacter 
Control First Dose ( SIlU 1 00 011) Second Dose ( 101lU 1 00 ml) 
TO T I  T2 T I  T2 T l  T2 
R I  399 1 90 25 1 55 1 5  1 30 1 0  
R2 390 1 55 1 1  1 45 1 0  1 42 1 0  
R3 395 1 90 6 1 1 2 5 83 2 
Avg 394 .66 1 78 . 33  1 4  1 3 7 .33 1 0  1 1 8 . 33  7 . 33  
RP% 22 .99 28 . 57  33 .64 47.6 1 
cr 506 .33 25 972 .33  2 1 . 33  
SO 22 .50 5 3 1 . 1 8  4 .6 1 
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Tap Water lnO ( l  mg/m l ) 
Salmonel la 
Control First Dose (5flLJ 1 00 ml) Second Dose ( I  OflL 1 00 mil 
TO T 1  T2 T I  T2 T 1  T2 
R I  397 1 30 6 1 25 6 1 20 0 
R2 395 1 32 2 1  1 3 1  20 1 30 8 
R3 390 90 0 85 0 80 0 
A\ g 394 1 1 7 . 33  9 1 1 3 .67 8 .67 1 1 0 2 .67 
Rp°.'o 3 . 1 2  3 . 70 6 .25 70.37  
cr 625 .33 1 73 . 1 1 950 39 . 1 1 1  
SD 25 .00 1 3 . 1 5  30 .82 6 .2 
St .Sp.MSF lnO( 1 mg/m l ) 
E.coli 
Control First Dose 1 0fl i 1 00 ml) Second Dose (20flU 1 00 ml) I 
TO T l  T2 T I  T2 T I  T2 I 
R I  458  1 50 89 53 3 40 0 
R2 400 1 20 1 00 1 00 1 2  32 3 
R3 429 1 3 5 94.5 76.5 7 .5 36 1 . 5 
A\g 429 1 3 5 94.5 76.5 7 . 5  36 1 . 5 
RP  43 . 33  92 .06 73 .33  98.4 1 
cr 552 .25  20 .25 1 6  2 .25 
S D  23 . 5  4 . 5  4 1 . 5 
St .Sp.MSF lnO( l mg/m l )  
Enterococci 
Control First Dose ( I  O>tU I  00 ml )  Second Dose ( 20pL 1 00 m i l  
TO T I  T2 T I  T2 T I  T2 
R 1  422 4 1 5  405 357  3 1 8  3 3 1 265 
R2 450 423 400 385 350  320 300 
R3 436 4 1 9  402 . 5  37 1 334 325 . 5  282 .5  
I 
Avg 436 4 1 9  402 . 5  3 7 1  334 325 . 5  282 .5  
RP% ] 1 .45 1 7 .0 I 22 .3 1 29 . 8 1  I 
cr 1 96 256  30 .25 306.25 
SD 1 4  1 6  5 . 5  1 7 . 5  
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S t . Sp.MSF ZnO(1 mg/m l )  
Enferobacer 
First Dose ( l O�Ll I OO 
Control m ! )  Second Dose (20flL/ 1 00 m l )  
TO T I  T2 T I  T2 T I  T2 
R I  400 1 02 2 3 7  I 1 0  0 
R2 4 1 0  97 0 3 1  0 9 0 
R3 405 99 .5  I 34 0 .5 9 .5 0 
A \g  405 99 . 5  I 34 0 . 5  9 .5  0 
R po o 50 65 . 82 90.45 1 00 
(J 9 0 .25  0 .25 0 
SD 3 0 . 5  0 .5  0 
St .Sp.MSF  ZnO( 1 mg/m I )  
Salmonella 
Control First Dose (I OflL/ 1 00 m l) Second Dose ( 20flL 1 00 m i l  
TO T l  T2 T l  T2 T l  T2 
I 
R I  390 1 65 1 20 1 30 1 1 2 80 74 
R2 400 350  300 2 1 5  96 45 38 
R3  395  257 . 5  2 1 0  1 72 . 5  1 04 62 . 5  56  
Avg 395 257 . 5  2 1 0  1 72 . 5  1 04 62 . 5  56  
R P% 33 .00 50 .47 73 .32 75 . 73 
(J 1 806 .25 64 306 .25 324 
SD 42.5 8 1 7 . 5  1 8  
St .Sp.RO ZnO( 1 mg/m l )  
E. coli 
Control First Dose ( IO}lU 1 00 m l )  Second Dose (20tJl.J 1 00 ml ) 
TO T 1  T2 T l  T2 T I  T2 
R l  420 300 1 50 1 50 63 5 5  48 
R2 450 309 209 1 80 1 30 4 1  47 
R3 435 304 .5 1 79 .5 1 65 96 . 5  48  47.5 
Avg 435 304 .5  1 79 .5 1 65 96.5 48 47.5 
R P  45 . 8 1 46.23 73 .5  84.4 
(J 225 1 1 22 . 25  49 0 .25 
SD I S  33 . 5  7 0 .5  
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St .Sp.RO ZnO( l mglm l) 
Enterococci 
Conlrol First Dose 10llU I 00 mil Second Dose ( 2011u 1 00 mil 
TO T J  T2 T I  T2 T J  T2 
R I  4 1 1 380  363 370 3 5 5  3 1 5  262 
R2 429 400 300 385 275 300 250 
R3 420 390 33 1 .5 377 .5 3 1 5 307 .5 256 
Avg 420 390 33 1 .5 377 .5 3 1 5  307 .5  256 
R Po'o 3 .20 4 .97 2 1 . 1 5  22 .77 
(J 56.25 1 600 56 .25 36 
SD 7 .5 40 7.5 6 
St .Sp.RO ZnO(1 mglm l )  
Enterobacter 
• 
Control First Dose 1 0�U 1 00 mil Second Dose (2011U 1 00 m i l  
TO T I  T2 T 1  T2 T I  T2 
R I  330  8 0 5 0 1 0 
R2 300 3 I 2 0 0 0 
R3 3 1 5  5 . 5  0 .5 3 .5 0 0 .5  0 
Avg 3 1 5  5 . 5  0 . 5  3 . 5  0 0 .5  0 
R p% 36 .36 1 00 90.90 1 00 
(J 2 .2 5  0 0 .25  0 
S D  1 . 5 0 0 . 5  0 
St .Sp. RO ZnO( 1 mglm l)  
Salmonel la 
Control First Dose ( I OllU 1 00 mil Second Dose ( 2011U 1 00 mil 
TO T 1  T2 T I  T2 T I  T2 
R 1  340 320 300 1 50 95 92 70 
R2 3 80 350  250  1 20 80 85  63 
R3 360 335  275  1 35 87 .5  88 . 5  66.5 
Avg 360 335  275 1 35 87 . 5  88 . 5  66.5 
R P% 59.70 68 . 1 8  73 . 58  75 .8 1 I 
(J 225 56.25 1 2 .25 1 2 .25 I 
S D  1 5  7 .5  3 .5  3 . 5  
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Dist i l late ZnO( 1 mg/m l )  
non�iked 
Control First Dose (I O.IU 1 00 ml) Second Dose (20.IL 1 00 mIl 
TO T I  T2 T I  T2 T I  T2 
R I  n-count 7080 7020 678 643 658 500 
R2 n -count 7050 7000 660 620 650 500 
R3 # O I V/O ! 7065 70 1 0  669 63 1 .5 654 500 
Avg # O I V/O ! 7065 70 1 0  669 63 1 . 5 654 500 
RP 90.53  90.99 90 . 74 92 .86 
0- 8 1  1 32 .25  1 6  0 
SO 9 1 1 . 5 4 0 
Tap Water �i02( 1 mg/m l )  
E.coli I 
Control First Dose (5 ilL! 1 00 m l) Second Dose ( 1 01lL, l Oa mi) 
TO T l  T2 T I  T2 T I  T2 
R I  390.00 300 .00 250 .00 275 .00 1 80 .00 1 90 .00 1 88 .00 
R2 399 .00 3 1 6 .00 270 .00 300 .00 225 .00 1 70 .00 1 80 .00 
R3 392 .00 320 .00 255 .00 285 .00 240.00 1 60 .00 1 30.00 
Avg 393 .67 3 1 2 .00 258 .33  286 .67 2 1 5 .00 1 73 .33  1 66 .00 
R P% 8 . 1 2  1 6 .77  3 5 . 7  44 .4 
0- 1 5 8 . 3 3  975 .00 233 .33  988 .00 
S O  1 2 . 58  3 1 .22 1 5 .28 3 1 .43 
Tap Water S i02( 1 mg/m l) 
Enterococci 
Control First Dose ( 51lU I 00 ml) Second Dose (lOIlL 1 00 m l )  
TO T l  T2 T I  T2 T l  T2 
R I  399 .00 300 .00 250 .00 220.00 1 78 .00 200.00 1 30 .00 
R2 397 .00 330 .00 232 .00 270 .00 200.00 200.00 1 5 5 .00 
R3 400 .00 380 .00 290.00 280 .00 1 92 .00 270 .00 1 75 .00 
Avg 398 .67 336 .67 257 .33  256 .67 1 90 .00 223 .33  1 53 .33  
R P% 23 .76 26. 1 7  33 .66 40.4 1 , 
0- 1 03 3 .33  67022 .44 83263 .25 78 1 .94 
SO 1 1 . 1 4  5 3 . 80 87.23 1 0 .70 
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Tap Water _S i02( l mg/m l) 
EnlerobaCler 
Control First Dose (SilL! 1 00 ml) Second Dose ( I DilL; 1 00 ml) 
TO Tl T2 T 1  T2 T I  T2 
R I  397 .00 200.00 1 1 .00 200.00 5 . 00 95 .00 4 .00 
R2 399.00 200.00 9 .00 206.00 3 .00 1 30 .00 3 .00 
R3 390 .00 1 70 .00 1 3 .00 1 62 .00 8 . 00 1 59 .00 2 .00 
A\g  395 . 3 3  1 90 .00 1 1 .00 1 89 . 33  5 . 33  1 28 .00 3 .00 
R po o 0 .35  5 1 .52  32 .63 72 . 73 
a 569.33 6 . 33  1 027.00 1 .00 
SO 23 .86 2 . 52  32 .05 \ .00 
Tap Water S i02( l mg/m l )  
Salmonel la 
Control First Dose (5 fl L! 1 00 ml) Second Dose ( I  OflL; 1 00 m l )  
TO T l  T2 T 1  T2 T l  T2 
R 1  399 .00 250 .00 70.00 1 80.00 63 .00 1 75 .00 54.00 
R2 297 .00 290 .00 94.00 1 90 .00 88 .00 1 60 .00 83 .00 
R3 390 .00 2 80.00 1 50 .00 1 50 .00 1 44 .00 1 50 .00 1 22 .00 
A\g 362 .00 273 . 33  1 04 .67 1 73 . 33  98 . 33  1 6 1 .67 86.33 
R P% 6.05 36 .59 7 .5  40.9 
a 433 . 33  1 720 .33  1 5 8 .33 1 1 64 .33  
SO 20 .82 4 1 .48  1 2 . 58  34 . 1 2  
St .Sp.MSF S i02( 1 mg/m l )  
E.coli 
Control FIrst Dose (SilL! 1 00 ml )  Second Dose (I O�IL 1 00 ml) 
TO T l  T2 T l  T2 T I  T2 
R l  390 .00 295 .00 264 .00 275 .00 200.00 207.00 1 07 .00 
R2 399 .00 2 1 0 .00 1 69 .00 200 .00 1 50 .00 1 77 .00 1 55 .00 
R3 392 .00 2 52 .00 1 79 .00 2 1 5 .00 1 59 .00 1 95 .00 1 6 1 .00 
Avg 393 .67 252 .33  204.00 230.00 1 69 .67 \ 93 .00 1 4 1 .00 
R P% 8 .85  1 6 .83 2 3 . 5 1 30 .88 
a 1 575 .00 7 1 0 . 33  228 .00 876.00 
S O  39 .69 26 .65 1 5 . \  0 29 .60 
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St .Sp.MSF S iO:!( I mg/l11 1) 
Enterococci 
Conlrol First Dose (5�L 1 00 ml) Second Dose ( l O�L 1 00 ml)  
TO T l  T2 T l  T2 T l  T2 
R 1  454 .00 400.00 382 .00 300.00 244.00 267 .00 200 .00 
R2 450.00 399 .00 370 .00 280 .00 256.00 270.00 240.00 
R3 432 .00 380 .00 320 .00 266 .00 250.00 252 .00 245 .00 
A\g 445 . 33  393 .00 3 57 .33  282 .00 2 50.00 263 .00 228 .33 
RP�o 28 .24 30 .04 33 .08 36 . 1 0  
0- 292.00 36 .00 93 .00 608.33 
SO 1 7 .09 6 .00 9.64 24.66 
St .Sp.MSF S i02( 1 l11g/m l )  
Enterobacter 
I 
Control First Dose (5�U 1 00 ml) Second Dose (I O� LI 1 00 ml )  
TO T l  T2 T l  T2 T l  T2 
R l  397 .00 350 .00 245 .00 1 52 .00 1 27 .00 1 1 5 .00 83 .00 
R2 399 .00 300.00 250 .00 1 65 .00 1 1 0 .00 1 03 .00 1 09 .00 
R3 390 .00 300.00 1 65 .00 280 .00 98 .00 1 37 .00 92 .00 j 
Avg 395 . 33  3 1 6 .67 220.00 1 99 .00 1 1 1 .67 1 1 8 . 33  94.67 
RPo'o 37. 1 6  49 .24 56 .96 62 .63 
0- 4963 .00 2 1 2 .3 3  297 .33 345 . 1 1  
S O  70.45 1 4 . 5 7  1 7 .24 1 8 . 5 8  
S i02 (1 l11g/l11 1 )  
St .Sp.MSF Salmone l l a  
Control First Dose (5�Ll I 00 ml )  Second Dose ( I O�IU 1 00 ml) 
TO T 1  T2 T l  T2 T 1  T2 
R l  250 .00 1 80 .00 1 05 .00 1 66 .00 8 1 .00 1 1 6 .00 73 .00 
R2 290 .00 200 .00 1 63 .00 1 87.00 86.00 1 75 .00 56 .00 
R3 2 80 .00 1 53 .00 95 .00 1 34 .00 68 .00 1 1 0 .00 53 .00 
Avg 273 . 33  1 77 .67 1 2 1 .00 1 62 .33  78 .33 1 33 .67 60.67 
R P% 8 .63 3 5 .26 24 .77 49.86 
0- 7 1 2 . 3 3  86 .33  1 290 .33 1 1 6 . 33  
SO 26.69 9 .29 35 .92 1 0 . 79 
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St.Sp RO _S i02(1 mg/m l) 
E.coli 
Control First Dose ( 5�U 1 00 m! )  Second Dose ( I O�L 1 00 01 1 )  
TO T I  T2 T I  T2 T I  T2 
R I  �OO.OO 300.00 297 .00 273 .00 250 .00 23 1 .00 200.00 
R2 397 .00 324 .00 285 .00 275 .00 259 .00 238 .00 2 1 1 .00 
R3 400.00 3 1 6 .00 238 .00 255 .00 1 53 .00 1 87.00 1 60.00 
A'v g 399 .00 3 1 3 .33  273 .33  267.67 220.67 2 1 8 .67 1 90 .33 
Rpo·o 1 4 . 5 7  1 9. 27  30 .2 1 30 .37 
() 1 2 1 .33 3454 .33  764 .33 720 .33 
SO 1 1 .02 58 . 77  27 .65 26 .84 
St .Sp RO _S i02( l mg/m l )  
Enterococci 
ConLfol First Dose ( 5�U I 00 011 ) Second Dose ( I 01lL' 1 00 01 1 )  
TO T I  T2 T l  T2 T l  T2 
R I  390 .00 3 76.00 339 .00 365 .00 295 .00 3 5 7 .00 270.00 I 
R2 399.00 362 .00 309.00 290 .00 278 .00 275 .00 233 .00 
R3 397 .00 322 .00 300 .00 282 .00 256 .00 282 .00 256 .00 
Avg 395 . 33  3 5 3 .3 3  3 1 6 .00 3 1 2 . 33  276 .33 304.67 253 .00 
R P% 1 1 .60 1 2 . 5 5  1 3 . 77 1 9 .94 
() 2096 .33  3 82 . 33  2066 .33  349 .00 
SD 45 . 79 1 9 . 5 5  45 .46 1 8 .68 
St .Sp RO S i02( l mg/m l )  
Enterobacter 
Control First Dose ( 51-lU 1 00 011 )  Second Dose ( I OfIL' I OO 01 1) 
TO T l  T2 T I  T2 T l  T2 
R l  400 .00 3 80 .00 1 85 .00 1 94 .00 1 40 .00 1 80 .00 85 .00 
R2 399 .00 300 .00 203 .00 250 .00 1 1 5 .00 1 89 .00 97 .00 
R3 390 .00 350 .00 1 90.00 300.00 1 20 .00 1 3 8 .00 97 .00 
Avg 396 .33  343 . 33  1 92 .67 248 .00 1 25 .00 1 69 .00 
, 
93 .00 
RP% 27 .77 3 5 . 1 2  50 .78 5 1 .73 
() 28 1 2 .00 1 75 .00 74 1 .00 48 .00 
S O  53 .03 1 3 .23 27 .22 6.93 
1 5 1  
St .Sp RO _S i02( 1 mg/m l )  
Salmone l la 
Control First Dose ( 5j.lU 1 00 111 1 )  Second Dose ( I  O�ILt 1 00 1111) 
TO T I  T2 T l  T2 T I  T2 
R l  390 .00 3 70 .00 330 .00 375 .00 290.00 350 .00 268 .00 
R2 399 .00 365 .00 300 .00 280.00 275 .00 270.00 230 .00 
R3 397 .00 320 .00 300 .00 285 .00 260.00 280 .00 250 .00 
Avg 395 . 33  3 5 1 .67 3 1 0 .00 3 1 3 .33  275 .00 300.00 249.33  
RP% 1 0 .90 1 1 .29 1 4 .69 1 9 . 57  
0- 2858 . 33  225 .00 1 900 .00 36 1 . 33  
SD 53 .46 1 5 .00 43 . 59  1 9 .0 1 
Distt ia lte S i02( 1 mg/m l) 
NoN-Siked 
Control First Dose (20j.lU 1 00 111 1 )  Second Dose (40j.lLt 1 00 111 1 )  
TO T l  T2 T l  T2 T l  T2 
R l  n -count 7070.00 6300.00 merged 2060.00 merged 1 1 70 .00 
R2 n-count 7000.00 6230 .00 merged merged merged merged 
R3 n-count 703 5 .00 6265 .00 #D IV/O l 2060.00 #DfV/O l 1 1 70 .00 
Avg #D IV/O ! 703 5 .00 6265 .00 #O IV/O l 2060.00 #O IV/O l 1 1 70 .00 
RP #DIV/o l 67 . 1 2  #D IV/O l 8 1 . 32 
0- #VALUE l  #VA L U E l  #VA L U E !  #VALUE l 
SD #VA L U E l  #VA L U E !  #VA L U E !  #VALUE ! 
St .Sp.RO MgO( 1 mg/m l )  
E.coli 
Control First Dose 1 0j.lU 1 00 1111) Second Dose (20IlU 1 00 1111) 
TO T l  T2 T I  T2 T I  T2 
R l  395 .00 377 .00 3 1 8 .00 2 1 0 .00 1 50 .00 1 92 .00 1 49 .00 
R2 397 .00 3 33 .00 292 .00 205 .00 1 99 .00 1 94 .00 1 64 .00 
R3 396 .00 3 5 5 .00 305 .00 207 .50 1 74 . 50  1 93 .00 1 56 .50 
Avg 396.00 3 5 5 .00 305 .00 207 .50 1 74 . 50 1 93 .00 1 56 .50 
RP 4 1 . 5 5  42 .79 45 .63 48 .69 
0- 6 .25  600.25  1 .00 56 .25 
SO 2 . 50  24 . 50  1 .00 7 .50 
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St .Sp.RO _MgO( 1 mg/m l )  
Enterococci 
Control First Dose ( 1 0)lL 1 00 ml) Second Dose (20)lU 1 00 ml) 
TO T I  T2 T I  T2 T I  T2 
R I  399 .00 3 1 5 .00 300.00 290 .00 250 .00 285 .00 230.00 
R2 395 .00 300 .00 250.00 275 .00 250 .00 270 .00 250 .00 
R3 397.00 307 .50  275 .00 282 .50 250 .00 277 .50 240.00 
Avg 397.00 307 .50 275 .00 282 .50 250 .00 277 .50 240 .00 
R po o 8 . 1 3  9 .09 9 . 76 1 2 .73 
(J 56 .25 0 .00 56 .25 1 00 .00 
SD 7 .50 0 .00 7 . 50  1 0 .00 
St .Sp.RO MgO( l mg/m l )  
Enterobacter 
Control First Dose ( l O)lU 1 00 ml) Second Dose (20)lU 1 00 ml)  
TO T I  T2 T l  T2 T I  T2 
R I  398 .00 2 80.00 1 43 .00 275 .00 1 40 .00 265 .00 1 2 1 .00 
R2 395 .00 250 .00 1 5 7 .00 242 .00 1 34 .00 230 .00 1 7 .00 
R3 396 .50 265 .00 1 50 .00 258 .50  1 3 7 .00 247 .50 69.00 
A\g  396 .50 265 .00 1 50 .00 2 58 .50 1 3 7 .00 247 .50 69.00 
R P% 2 .45  8 .67 6 .60 54 .00 
(J 272 .25 9 .00 306.25 2704.00 
�D 1 6 .50 3 .00 1 7 . 50  52 .00 
St .Sp.RO MgO( 1 mg/m l )  
Salmone l la 
Control First Dose 1 0)lU 1 00 m l )  Second Dose (20)lU 1 00 111 1 )  
TO T l  T2 T l  T2 T I  T2 
R I  399 .00 300 .00 250 .00 220 .00 1 90 .00 200.00 1 90 .00 
R2 397 .00 320.00 200.00 1 98 .00 1 90 .00 1 95 .00 1 5 5 .00 
R3 398 .00 3 1 0 .00 225 .00 209.00 1 90 .00 1 97 . 50  1 72 .50 
Avg 398 .00 3 1 0 .00 225 .00 209.00 1 90 .00 1 97 . 50  1 72 .50 
R P% 1 5 . 56  32 . 5 8  23 .3  26.29 
(J 1 2 1 .00 0 .00 6 .25 306.25 
S D  1 1 . 00 0 .00 2 . 50  1 7.50  
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Oistti late MgO( 1 mg/m l )  
non-spiked 
Control First Dose ( I O�lU 1 00 m i l  Second Dose UOuL 1 00 m i l  
TO T l  T2 T I  T2 T 1  T2 
R l  n -count 7020 5400 994 630 680 500 
R2 n-count 7080 5540 985 660 698 537 
R3 n-count 7050 5470 989 . 5  645 689 5 1 8 . 5  
Avg #O TV/O ! 7050 5470 989.5 645 689 5 1 8 .5 
RP 85 .96 88 .20 90.22 90.52 1 
cr 20.25 225 8 1  342.25 






Bacterial  dega rdation for tap ,\ ater sam p le p iked by -1 
i n d icator and te te by 7 N P  at( O 1 & T l )  
Ag N Ps Ag-Cu Cu N Ps ZnO MgO Si02 CNTs 
N Ps N Ps N Ps N Ps 
N Ps 
E .co l i  
• E n terobactor 
Sa lmonel la  
E n terococci 
Figur l :  Bacteria l  degradat ion percentage for Tap Water samples spiked by4 
ind icators and testes \\ ith 7 Ps at (0 1 &T 1 )  
Bacteria l  degradation percen tages for tap w a te r  sa m p les spiked 
by 4 i n d icators a n d  tested wi th  7 N Ps at ( 02&T2) 
100 
BD% 10 E .col i  
• E n terobacter 
Sa lmonel la  
E nterococc i 
1 
Ag N Ps Ag-Cu CuO ZnO MgO Si02 CNTs 
N Ps N Ps N Ps N Ps N Ps 
N Ps 
F igur2 :  Bacteri al degradation percentages for Tap Water sample spiked by4 
ind icators and testes with 7 NPs at ( 02&T2) 
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Bacte rial  degradation percen tage for M F water sam ple 
piked by 4 i n d icator & 7 NP a t  ( D I & T I )  
Ag NPs Ag-Cu Cu NPs ZnO NPs MgO NPs 5,02 N Ps CNTs 
N Ps 
NPs 
E .co l i  
• E nterobactor 
Salmonel la  
E nterocoCCI 
F igur3 : Bacter ia l  degradation percentages for M S F  Water samples spiked by4 




Bacteria l  degrada tion percentages for M S F  wa ter sa m p les 
spiked b 4 i n d icators & t reated wi th  7 N Ps at ( D 2 & T 2 )  
A g  N Ps Ag-Cu Cu N Ps ZnO M g O  S i 0 2  CNTs 
N Ps N Ps N Ps N Ps 
NPs 
E .co l i  
• E n terobactor 
Sa l monel la  
Enterococci 
F igur4: Bacter ia l  degradat ion percentages for MSF  Water samples spiked by4 





Bacte ria l  dega rdat ion for RO water sa m p les spiked by 4 
i n d icator and te te by 7 N P  at( D l & T l ) 
Ag N Ps Ag-Cu Cu N Ps ZnO MgO Si02 CNTs 
N Ps N Ps N Ps N Ps 
N Ps 
E .coli  
• E nterobactor 
Sa lmonel la  
EnterococcI 
Figur - : Bacter ia l  degradat ion percentages for RO v ater samples spiked by4 
ind icators and testes \ ith 7 N Ps at ( D l &T l )  
Bacteria l  degrada tion percen tages for RO water sam p les spiked 




Ag N Ps Ag-Cu Cu N Ps ZnO MgO Si02 CNTs 
N Ps N Ps N Ps N Ps 
N Ps 
E .coJi  
• Enterobactor 
S a l m onel la  
E nterococci 
F igur6: Bacter ia l  degradat ion percentages for RO water am pIes spiked by4 
indicators and testes with 7 N Ps at ( D2&T2) 
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0\ e ra l l  bacte rial degrad ation percen tage for d i ffe ren t  water 
190>% a m ple p iked by 4 ind icator and t reated by 7 N Ps at ( D 2 & T 2 )  
1 0  
1 
Ag N P s  Ag-Cu Cu N Ps ZnO N Ps MgO Si02 N P s  CNTs 
N Ps N Ps N Ps 
Tap water samples 
• M S F  water s a m ples 
RO water sa mples 
Disti l l ate 
Permeate 
F igur7 : Bacter ia l  degradation percentages for d i fferent water samples and testes 
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